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*Except battery, tires and normal maintenance! See limited warranty at dealege TWhichever tomes first; See your dealer far terms of this limited warranty, “See your des 
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You deserve a car with the 
features you want. 
Features that are included, 
not extra. 


Like V6, air conditioning, 
automatic, power door locks, 


plus the security of standard 
anti-lock brakes (ABS). 


You deserve all that and 
morc. And vou get it in the 


Chevy Lumina Euro Sedan. 


You deserve 

a promise of service 
that lasts long after vou 
buy your car. 


From a bumper-to- 
bumper warranty that 
covers everything with no 
ifs, ands or buts... and no 
deductible. For 3 years or 
36,000 miles. 


To a guarantee against 
corrosion that lasts till 
nearly the next century. 
For 6 years or 100,000 miles: 


Toatoll-free 24-hour 
Roadside Assistance 
Program. 


And buving that car 
shouldn't be so complicated. 
That's why we give you 
$800 Down Payment 
Assistance." 


We're the only company to 
give you all this in the 
lowest-priced mid-size 
sedan with standard ABS. 


Chevy Lumina Euro Sedan. 


Anyone can sell youa car 
orcut youadeal. But we 

believe that’s not enough. 
We believe you should get 
all the car you need. 


CHEVY LUMINA 
$15,000" 


This One 


For 
iletails of this program. HOr choose cash back or low GMAC financing. You must take retail delivery from deale 
una are recistered trademarks and Chevy and Euro are trademarks of the GM (4 orp. ©1993 GM Corp All Rip 
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iceroy. The Red Pack at the Right Price. 


“Based on manufacturers list prices, 
SURGEON GENERAL'S WARNING: Smoking mec e A 
Causes Lung Cancer, Heart Disease, "e 


Emphysema, And May Complicate Pregnancy. Viceroy Kings, 17 mg. "tar", 1.2 mg. nicotine 
aii Y p J ! av. per cigarette by FIC method. ©1993 BawT co. 
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| Living in a 
virtual world 


Sons of the Patriot 


A TIMES MIRROR 
MAGAZINE 
xt 
FOUNDED IN 1872 
Yt 
VOLUME 242 
% 
NUMBER 6 
x 
PHOTO ILLUSTRATION BY 
TOM WHITE 


LIVING IN A 
VignTUAL WorLD 

G2 
Travelers in a virtual world are immersed in simulated sight, 
sound, and even touch. Compared with the real world, the 
acreage doesn't cost much here, but the places you would 
most want to visit are still under construction. 


Fue. CELL UPDATE 
88 


A remarkable device with roots in the 19th century is finally 
bearing fruit. Called a fuel cell, this elegant technology is, in 
principle, like a battery that supplies electricity when fed hydrogen 
and oxygen. Its only byproduct is pure, drinkable water. 


WiNDOW TECHNOLOGY 
— ha No Pans, No Gam 


Dramatic, Mt innovations in window technology have 
appeored in recent years, induding coatings that let light in but 
keep heat out, energy-saving inert gas between panes, and 
suspended plastic films. 


SONS or THE PATRIOT 

101 
Despite its starring role in the Persian Gulf war, the Patriot 
often missed incoming Iragi Scud missiles launched against 
targets in Israel and Saudi Arabia. Now, five programs aim to 
develop new-and-improved antimissile systems. 


FEAR or BLOOD 

108 . 
The risk of infection has spurred a shift in the attitude of both 
patients ond the medical establishment toward blood 
transfusions. New strategies indude donating your own blood 
before scheduled surgery and recycling a patient's blood during 
an operation. There is also a race to develop a blood substitute. 


UNDERWATER WIZARDRY 


112 
The revolutionary Nikonos RS, the world’s first singlelens-reflex 
underwater camera, attempts to solve the dilemma of taking 
high-quality underwater photographs by packaging state-ohe- 
art optics and electronics inside a compact, water-resistant casing. 
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LIVING IN AN IMPERFECT 
VirRTUAL WORLD 


Living the virtual life: Senior Editor Michael Antonoff swims with 
the fish. Or is it merely an amazing lifelike simulation? 


ture, old buzzwords root into our 
electronic lexicography and new 
ones emerge. So-called multimedia has 
already become a commodity in the 
world of computing. Now virtual reali- 
ty is on the horizon rising. Senior Edi- 
tor Michael Antonoff has donned the 
headgear, flexed the data gloves, and 
found more than mere artifice in the 
virtual world. A nascent technology 
that leverages off the ever increasing 
power of fast, graphics-oriented com- 
puters, virtual reality is a crude work- 
in-progress. Yet researchers are bet- 
ting billions that virtual reality has 
money-saving potential in medicine, 
engineering and design, space explo- 
ration, financial modeling, military 
and industrial training, and entertain- 
ment. The expectation is that it will 
someday be a lot cheaper to target a 
virtual tank than a real one on a mili- 
tary practice range or a lot more effi- 
cient for a homeowner to walk through 
a virtual kitchen and sign off on a de- 
sign before the first nail is hammered. 
Antonoff is elated with the experi- 
ence of flying around in virtual space, 
but anxious to see some improve- 
ments. “I’ve been whisked into the sky 
by a prehistoric bird, hovered over a 
field of dynamic stock graphs, toured 
the ceiling of a virtual art museum, 
and glided through molecules,” he 
notes. “Now if they can just figure out 
a head-mounted display that won't 
steam up my glasses.” 


A: we slouch toward the digital fu- 
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blood substitutes been greater 

than in these fearful times. 
Though the statistical chance of con- 
tracting AIDS or another blood-borne 
disease through transfusions is small, 
it happens. And that makes the per- 
ceived threat huge. Veteran science 
writer Ed Edelson tells us that al- 
sone blood-processing technology is 
now highly sophisticated, 
major efforts to produce 
artificial blood are being 
fueled by concerns about 
infection. In “Fear of 
Blood,” Edelson provides 
an up-to-date look at the 
100-year-old quest to 
manufacture a substance 
that can duplicate the 
life-nurturing qualities of 
human blood. 


N ever has the need for man-made 


ust how good was the 
Armys Patriot missile 
in its one-and-only 
battlefield test during the 
gulf war? Patriot's hit-or- 
miss ratio is, in fact, a 
matter of some dispute. 
But the real issue pre- 
dates the missile's encounter with 
Iraqi Scuds. The 23-year-old Patriot 
was originally designed to defend 
against aircraft, not short-range mis- 
siles. Associate Editor Robert Lan- 
greth has investigated the new missile 
technologies being developed to suc- 
ceed Patriot. In “Sons of the Patriot,” 
he introduces us to the contenders for 
next-generation defenders. 


als and new manufacturing tech- 

niques have transformed the win- 
dow from something you look through 
into a technological tour de force. Over 
the last few years you've read about 
many window technology advances in 
these pages. Now contributor Alex Wil- 
son has put together a comprehensive 
roundup of the most important devel- 
opments, in the first of a two-part se- 
ries that promises to tell you every- 
thing you ever wanted to know about 
window technology. This month, Wil- 
son sheds light on the energy-efficiency 
characteristics of high-tech windows. 
Next month, we report on the even 
more magical capability of some win- 
dows to change their light-conducting 
capabilities to meet specific conditions. 


FF. frames to panes, new materi- 
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America comes to Radio Shack 


Our name says it all. We have over 50 specialty radios to keep you in touch and informed. Let our 


knowledgeable, friendly staff help you choose from CB and Ham 2-way radios . . . shortwave 


receivers to tune in world "hotspots" . . . business-band transceivers . . . scanners to monitor local 
action... . and Weatheradio? receivers for 24-hour facts and forecasts. Come in and discover why 


50 million satisfied customers shop our more than 6600 E a eli & fh a rác 
nationwide stores every year— we've been America's A MERIEN S “= 
radio headquarters since 1921. Nobody Compares! Tl sper 
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He’ can the bill for dismantling nu- 

clear weapons be $200 billion, as 

you stated in “Taking Apart the Bomb” 
[April]? 

Harold G. Hartgerink 

Warrenville, Ill. 


The $200 billion is an estimate from 
the Department of Energy (DOE). It 
covers the cleanup of the entire nuclear 
weapons complex—not just for dis- 
mantling the weapons. This year 
alone, $5.5 billion was spent on 
cleanup, and next year’s budget is $6.2 
billion. DOE officials expect the budget 
to stabilize around $6 billion to $7 bil- 
lion annually for the next 30 years. 
—Dawn Stover 


aking Apart the Bomb” brought 
back memories of being part of a 
Sandia National Laboratories team 
that participated in the test series 
“Operation Dominic.” It was conduct- 
ed at Christmas Island in 1962. I com- 
mend you for revealing some of the se- 
crets and challenges that went into 
the design and manufacture of nuclear 
weapons. 
Mike C. Gruber 
Green Bay, Wis. 


he sonic-boom-footprint diagram in 
| "Out of the Black: Secret Mach 6 
Spy Plane” [March] may explain the 
earthquakelike rattle I experienced in 
my house in November 1991. Living in 
an area prone to earthquakes and son- 
ic booms from nearby Miramar Naval 
Air Station, I knew this event was un- 
usual. My sliding glass doors can 
bulge several inches while the blinds 
rattle in response to an F-14’s sonic 
boom. And my “seismic” dining room 
chandelier has always reacted to 
earthquakes. But this time the win- 
dows shook in a pulsed fashion that 
made the vertical blinds “dance” for 
several seconds, and my chandelier 
didn’t move. 
Robert F. Abell 
La Jolla, Calif. 


Your observations closely match a 
growing mass of reporís since 1991 
centering on California and the North 
Sea. These describe long rattling and 
rumbling disturbances that are dis- 
tinctly different from the percussive 
sonic boom of a fighter jet. While the 
disturbances are not earthquakes and 
dont cause damage, they are unset- 
tling enough for people to call police or 
radio stations.—Bill Sweetman 


ou shouldn’t criticize the secrecy of 
military development programs 
such as the Aurora. These pioneering 
programs are not borne full grown, 
and some trial-and-error latitude is es- 
sential. Also, describing exactly when, 
where, and how hard the aircraft can 
hit your enemies is addle-brained. 
James L. Brewer 
Grant, Ala. 


Some secrecy is legitimate. But some is 
concerned with concealing malfea- 
sance and avoiding the consequences 
of errors. In the absence of indepen- 
dent investigation, the public—which 
pays the bills—has no way of knowing 
which is which.—Bill Sweetman 


SOLAR SUGGESTION 


n addition to solar energy, couldn’t 
the waste heat from the steam driv- 
en off nuclear generators be used to 
heat multiple seasonal storage plants 
(“Buried Sunshine Heats Sports Cen- 
ters,” March]? 
Garth Ludeman 
Francesville, Ind. 


You could store the heat, but it would 
make more sense to use it directly. 
Florida Power and Light, an electric 
utility, is already using waste heat 
from one of its nuclear power plants to 
warm a greenhouse.—Dawn Stover 


Corrections: John D. Verhoeven is a 
professor of metallurgy at lowa State 
University in Ames [“Science News- 
front,” April]. 

In a battery, the negative electrode 
is the cathode and the positive one is 
the anode (“High-Energy Batteries,” 
Feb.]. Also, the abbreviated measure 
mAh is a product of current multiplied 
by time, or milliampere-hours. 

Gentech is installing the ice pond for 
the cooling system in “Storing Snow for 
the Summer” [“Science Newsfront,” 
April] in Lowville, N.Y. Since the arti- 
cle ran, the contract to build one for 
Ben and Jerry's has been terminated. 


Address letters to Readers Talk Back, POPULAR Science, 2 Park Ave., New York, N.Y. 10016. Or fax your letter to us at 212-481- 
8062. Letters may be edited for space and clarity. We regret that we cannot answer unpublished letters. 
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The Ultimate Replica of the 
Most Famous Automobile Ever 


| The 1913 Ford Model T 
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The definitive precision-engineered 1:16 scale replica 
of the Fabulous Ford Model T...with actual working 
parts and genuine leather seats. 


1913. The first production Model T rolls off the assembly line-and America 
would never be the same. 

Now, the car that brought affordable transportation to an entire nation be- 
comes the ultimate die-cast from Franklin Mint Precision Models. 

THE 1913 FORD MODEL T. Crafted by hand from more than 100 separate 
parts and equipped with the full complement of operating features. The doors 
and hood close. The steering and road wheels actually turn. 

This custom-made model comes equipped with a fabric top and soft seats 
upholstered in genuine leather. 

And every detail is authentic, down to the actual tread pattern on the ures, the 
hand and foot brakes and the intricately detailed engine. The radiator frame, 
wheel hubs, lights and lamps are among the many features plated in brass. The 
vintage style dashboard and firewall are specially crafted in wood veneer. 

The 1913 Model T. A bargain then. A bargain now at just $135. 


SATISFACTION GUARANTEED 
If you wish to return any Franklin Mint Precision Models purchase, you may do so within 30 
days of your receipt of that purchase for replacement, credit or refund. 


Shown smaller than 
actual size of 84" long, Scale 1:16. 


Franklin Mint Precision Models Please mail by 
Franklin Center, PA 19091-0001 June 30, 1993. 
YES! Please enter my order for the precision-engineered 1:16 scale die-cast 
re-creation of The Ford Model T. My imported model will be sent to me 
ready for display. 

| need SEND NO MONEY NOW. Prior to shipment, | will be billed for 
a deposit of $27." and, after shipment, for the balance in 4 monthly install- 
ments of $27." each. | 
SIGNATURI me 

S ARE SUBJECT TO ACCEPTANCE 


MER MERA MISS 


PLEASE PRINT CLEARLY 
ADDRESS 


CI Y/STATI 


TELEPHONE # | 


a MPM 13926-6V YI-231 


Franklin Mint Precision Models? Simply Miles Ahead. 


ONE-PIECE 
PORTABLE OFFICE 


Canon's NoteJet 486 notebook computer redefines 
convenience by incorporating a scaled-down version of 
the company's BubbleJet printer. The 7.7-pound unit is 
equipped with a 486 microprocessor, 9.5-inch 
monochrome VGA display, and two PCMCIA 
slots. The printer approximates laser- 
quality results and prints three 
pages per minute. The NoteJet 
486 costs about $2,500. 


mo IDEE 
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| | How your body's complement Sy&tirm 1-1 
3 What' s Going On attacks and destroys invading n E3 


WATER WORKOUT 


Excel Sports Science's AquaJogger water workout 
gear consists of a $50 belt for buoyancy, $24 | | ENS E 1 0 
hand-held dumbbells for upper-body fitness, and feed $ Soon, RIDE bind - / 
$30 foam footwear to increase resistance to the icc iim Min 

water while kicking. The system was originally de- Sel is Kinder oc hick E 

signed for water physical rehabilitation therapy. Ex- == to mere a E 


cel Sports Science, Box 5612, Eugene OR 97405. 
COMPUTER GERM FIGHTERS 


The Germ Busters exhibit at the Exploratorium in San Francisco combines an 
interactive computer console and a live experiment. First, inject tissue cells 
with germ cells by clicking buttons on the computer screen. Then, via a mi- 
croscope hooked up to a monitor, watch the immune cells respond. 


CALCULATOR 

This is a timepiece James Bond would | | 
love. Casio’s FTP-10 analog watch is | | 
set onto a hinged lid that flips to reveal 
a calculator with an eight-digit display. 
It costs approximately $50. 


This voice memo card is one of the smallest 


of its kind —34ust the size of a credit card. It dias d | 

uses an advanced synthesizer chip to store 24 seconds of UN 
verbal notes, which con be selectively erased to record new messages. 

Piice: $37. Bollord Direct Sales, 90 Lord's View, London NW8 786, Englond. 
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A CONVERTIBLE 
WITH CLASS 


The BMW 325i convertible takes on 3-series styling and a 
more powerful engine. It sports a 2.54iter, dual-overhead- 
cam, in-line, six-cylinder engine that is rated at 189 hp. 
Among its features are a driver-side air bag, a five-speed 
manual transmission, and an electric top. 


.. Soon the videos you rent may use recy- 


cled-plastic cassette shells. Eighty-five 
percent of the G-Zero VHS cassette 


. shell is polypropylene recycled from 


items such as diapers and milk jugs. 
The cassettes are less expensive, 
; lighter, and more durable than ston- 


BE dard shells, says the manufacturer. 


Global Zero, 80-C Eisenhower Dr., 
Westbrook ME 04092. 


Solargizer, a photovoltaic solar panel, continually sends a high-voltage, low-amper- 
age, pulsating electric current to a 12-volt car or boat battery. The current constant- 


ly charges the battery and prevents the build-up of sulfate residues on the lead 


plates, which can decrease the battery's life. The $54 

device is especially useful for stored vehicles. — 

Specialized Products Co., 3131 Premier Dr., 
Irving TX 75063. 


Sony's first portable digitataudio-tape unit in two years, 


the TCD-D7 recorder/player is designed to offer superior 16-bit recording mand 
quality. The $630 device, which weighs slightly more than a pound, stamps 
the date and time on each piece of audio it records; this information is then dis- 


played on an LCD screen. 


The CrossRunner Series of athletic 
footwear from L.A. Gear has lithium- 
battery-powered lights that illuminate 
upon impact, making the wearer 
more visible to motorists whether 
walking at dawn or running at dusk. 
To activate the lights, insert the water- 
resistant, battery-andight cartridge in 
to the heel cavity with the "on" side 
facing up. To deactivate the system 
during the day, insert the cartridge 
with the “off” side up. Price: S80. 


See POPULAR Science’s 
What's New products 
May 15 and 16 
on CNN'S Science & 
Technology Week, 
which airs every 
Saturday at 11 a.m. 
and Sunday 
at 12:30 p.m. 
Eastern Time 
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~The Vortex foam football travels farther in flight—and resists 
wobbling—thanks to its Spiro-Flight tail fin, which gives it a | 
unique look and aerodynamic stability. The $12 Vortex is smaller in TOUCH-SCREEN RETROFIT 


diameter than conventional footballs. OddzOn Products, Box 1590, The QuikPoint GX140 snap-on touch-screen attaches to any 13- 


Campbell CA 95009. or | 4-inch computer monitor. Developed by MicroTouch Systems 
of Wilmington, Mass., the $696 kit includes a glass sensor 
screen and a controller board that is installed in an expansion 
slot or connected to a serial port. 


PACKED 
WITH POWER 


The limited-production McLaren F1, 
a 225-mph three-seater, has a cus- 
tomized, hand-assembled 6. l-iter 
V12 engine made by BMW. Radical 
design features include fan-assisted 
ground-effect aerodynamics and 
electronically controlled brake-cool- 
ing, which are claimed to make anti- 
lock brakes unnecessary. 

Price: $850,000. 


TELEVISION 
MANAGER 


This little black box helps 
parents control the amount 
of time children spend watch- 
ing television. Using a master 
code, parents program in the 
number of hours permitted 
each week for viewing TV or 
playing a video game. When the child uses the 
entire time allowance, the TV shuts off. Price: — 
$99. TV Allowance, 7400A Red Rd., Suite 21, South Mic S 

mi FL 33143. rl 
This bridge, stretching 394 feet across the River Tay near Aberfeldy, Scotland, is i 
the world’s longest composite span. Made of interlocking modules of glass-rein- 
forced plastic and aramid-fiber suspension cables, the bridge was designed by 
Vetrotex (UK) Ltd., and assembled at the remote site without heavy machinery. 
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USUAL PLACE. 


We started by changing 
everything...even the placement 
of Intrepid s windshield. 

We found that by moving the 
leading edge of the windshield six 
inches forward and three aami 
inches lower, " 
we could 


7 
Intrepid revolutionizes 
the architecture of the 

automobile with 
improve cab-forward design. 

Intrepid s | Jy € A 

aerodynamics ! -Popula r Science 

while significantly reducing wind 
noise. À larger windshield meant 
enhanced visibility as well. 

Of course, there were other 
benefits to Intrepids revolutionary 
cab-forward design, like a roomier 
backseat and wider rear doors. All 
in all, cab-forward means less room 
for machinery and more room for 
people. 

And now that we ve seen 
whats possible in a four-door 
sedan, we can't see building one 
any other way. 


yy 


^ . 9 
e Standard drwer e» front passenger 
airbags 


| d & 
" * 
team 


e Standard rear seat beat e» air ducts li 


e Available integrated child «eat 


e Available automatic temperature 
control system 


e Standard four-wheel independent " Le groom and he ad room 
MLIPENSON T | poseer : 
e Available anti-lock brakes e» "m are 8 enerous. 
traction control elect ; s 
nm re — -Automobile Magazine 


e Available 5.5 liter, 214 horsepower, 
24-valve overhead cam V-6 


e Choice of warranties: 7/70 powertrain 
or 5/56 bumper-to-bumper. See these 
limited warranties e» restrictions at 
dealer, Excludes normal maintenance, 
adjustments e» wear items. 


* For still more information, 


call 1-800-4-A-DODGE 


l Yd "THE NEw DODGE A DIVISION OF THE CHRYSLER CORPORATION 


Se acd 


lii visibility is about 
ë LES 

LS good as 1t gets. 

-Car ano Driver 


“The seats are comfortable, 
contr 


= 


s are easy to hind 


" à 
b 


| 7 = Buckle up for safety. 


BACKPACK 
CANTEEN 


The CamelBak hands-free drinking system 
is worn like a backpack and holds 70 
ounces of fluid in a removable reservoir. 
The insulated reservoir keeps beverages 
hot or cold for about four hours. Price: 
about $35. CamelBak, 2317 Field St., 
Suite 1, Odessa TX 79761. 


A first for bicycles, two-wheel-drive technology powers both wheels (instead of just the rear one) 


can access electronic mail through a special version of cc:Mail Remote or via a mo- 
dem card in its PCMCIA 2.0 slot. It also has upgraded personal information manag- 
er and spreadsheet software, a CGA-compatible display, an 8086-compatible proces- 


Hewlett-Packard's 100LX Palmtop PC incorporates communications capabilities: It 
sor, and DOS 5.0 for running other software. Price: $749. 
| 
| 


for improved traction. As you pedal, a steel cable connected to the rear wheel hub tranfers energy 
to a gear on the front wheel (inset). The 26-inch Powerlrac (shown) costs about $275. MacGre- 


gor Bicycles by VisionCycle, 8996 Manchester Rd., St. Louis MO 63144. 


The Honeywell Ultrastat, a ther- 
mostat for electric baseboard 
heaters, automatically raises or 
lowers the temperature when you 
enter or exit a room—and that 
could trim your electric bill by as 
much as 20 percent, claims the 
~ I8 manufacturer. For each room, the 
sem f sensors con be programmed for 
i combinations of movement, light, 
ultráscar # and temperature. The $150 units 
? ore available through electrical 
contractors. 
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Lit" LIGHTWEIGHT 
Weighing just 5.5 ounces, Nikon’s Lite Touch is the smallest, lightest 35mm auto- 
focus camera to date. The $210 camera has a wide-angle 28mm f/3.5 lens and 


builtin panoramic mode that can be turned on and off in the middle of a roll of 
film by sliding a switch. 


hat will your underwear 
loing a year from now! 


ae D eee)  Chanees are, iff they're 


BVD UNDERWEAR, 


you could still wear them. 


Because our comforts are made to last. 
Unlike most of our competitors, 

We re picky about cotton. ER CC 
VERY PICKT.... $095 S584 


fr oro J 
uus 


f 
7 


p 


X 2. EE 


Ls 3 


That's why we 


Q only the longer fiber remains. 
HI ARE 
dU NUN) 


) i h The rest we reject. Then we knit 
: jm 
À a more of this incredibly soft, 


incredibly strong fiber into every square inch 
of our briefs, so they'll hold up longer. 

And our legbands are made with 
Lycra -spandex, so they'll me F 
KEEP THEIR SNAP... S4 P a 


after loads of washing. z 


These are just three of the many 


reasons you'll enjoy our riches 


ih. 


long after other underwear have 


started second careers as 


shoe shine rags. 


"Dupon! Reg. Trademark 


©1993 The BYD Licensing Corp. 
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PROTOTYPE RACE CAR 


Honda has announced its intention to participate in the PPG Indy Car World Series 
beginning in 1994. This prototype is a hint of what Honda's entry may look like. 
Engine testing is expected to begin later this year. 


CD JUKEBOX 
Fisher's Studio 24 CD Management 
System stores and organizes 24 
compact discs into categories that 
you select. Each time you add a CD, 
you use a keypad to enter up to two 
category names for the disc, such as 
musical style or name of the per- 
former. The disc is then kept in the 
unit's dustfree chamber. When a cat- 
egory is selected, all discs with that 
label are played back. Price: $500. 


Auto Scrub Blades remove dirt, in- 
sects, and other debris that routinely 
smear windshields. When the blade 
contacts grime, it pivots slightly to 
employ its unique scrubber strip. 
Price: $21 per pair. T.A.C. Wipers, 
39000 Plymouth Rd., Suite 100, 
Livonia MI 48150-1064. 


COLOR CONVERTIBLE 


The NEC Ultralite Versa 25CP melds an active-matrix color display with a notebook 
that accepts both keyboard and pen input. It sports local bus video to accelerate 

graphics performance, a power-saving 486SL processor, a floppy drive that can be 
removed to house an extra battery, and two PCMCIA Type II slots that accommo- | 
date memory cards or a second hard disk. Price: $4,839. NEC Technologies, 1414 — | 
Massachusetts Ave., Boxborough MA 01719. 


3D DISPOSABLE 


3D Magic is the first single-use camera that makes three-dimensional prints. It 
uses three aspherical lenses to create multiple images each time you snap the 
shutter. When the film is finished, use the included envelope to mail the camera 
to an Image Technology lab for development. Price: about $10. Image Technolo- 
gy International, 5172 Brook Hollow Pkwy., Suite G, Norcross GA 30071. 
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NRI gives you two unbeatable 
opportunities for top pay, security, 
even a business of your own. 


Everybody wants to get ahead, but most 
people want assurance they're making the 
right job choice. According to the U.S. 
Department of Labor, jobs for electricians 
and air conditioning, heating and refrigera- 
tion technicians offer high earnings and 
good job prospects. Now NRI can show you 
how to go after the high earnings, the steady 
pay increases, even how to be your own 
boss in a business of your own. You'll get 
all the skills to get there. No night: school, 

no need to quit your job until you're ready 
to make your move. NRI trains you right at 
home in your spare time. 

No Experience Needed. 

NRI starts you with the basics, then builds 
your knowledge and skill a step at a time, 

all the while adding practical know-how 
through hands-on training. You even get 
tools you need on the job or in a business 

of your own. Over a million and a half stu- 
dents have trained the NRI way since 1914. 


Be an Electrician. 
Each year, the demand for skilled 
construction, maintenance, commercial 
and utility electricians continues to grow. 
The U.S. Department of Labor estimates 
that close to 100,000 new jobs will open up 
in the next ten years — a conservative 
estimate compared to industry and union 
predictions. 
And few jobs can match the money-making 
potential of the qualified electrician. You 
can earn a salary in excess of $25,000 or 
be your own boss with your own electrical 
contracting business. 
Only NRI gives you this kind of practi- 
cal, job-oriented, hands-on training. 
You master practical skills like this with the 
equipment, test instruments, and training 
materials included in your course. . . you 
duplicate on-the-job wiring with EU NRI 
Residential Wiring Practical Lab®. . . you 
learn professional troubleshooting using 
your Volt-Ohmmeter and Clamp-On 
Ammeter to test the circuits you build up 
on your NRI Circuit Demonstrator. . . and 
by installing and testing an electronic- 
programmable thermostat and a micro- 
processor-controlled remote power 
control, you come to understand today's 
electronics as it applies to the latest 
devices electricians install and repair. 


in the latest need-to-know 
electronics required of today's 
electrician. 
NRI created this new course so you can 
move from the simplest fundamentals of 
electricity, through professional wiring and 
trouble-shooting techniques, all the way up 
to mastering the practical field skills you 
need to become today's electronic-smart 
electrician. Be an electrician. It could be 
the best and last job choice you'll ever have 
to make. 


the steady demand for your skills in this 
field, the U.S. Department of Labor scores 
a solid hit...high earnings and good job 
prospects attract many individuals... 
because people in business depend on 
their air conditioning, heating, and refrig- 
eration systems, the need for skilled tech- 
nicians to do maintenance work has to be 
met regardless of swings in the economy. 
Add millions of window units in older 
homes requiring maintenance and repair; 
heat pumps so popular they're now as 
common as furnaces; commercial 
refrigeration alone calling for skilled tech- 
nicians to install and service walk-in cool- 
ers, freezers, ice makers, and food cases. 
Wherever you look, there's tremendous 
opportunities for the trained air 
conditioning, refrigeration, and heating 
technician. 


NRI training so complete, 
professional tools even included. 
NRI trains you for this lucrative field, gets 
you ready to land a good paying job, pick 
up extra income in your spare time, even 
start a business of your own. You're ready 
to jump right in because NRI includes the 
tools you need: system analyzer, leak 
detector, tubbing and joint tools, a top- 
quality vacuum pump for purging systems, 
pa demonstration panel units for hands- 

n systems training. Graduates of our 
Master Course also get optional free 
residential training at the world-famous 
York Institute in York, PA. 


Be an Air 
Conditioning, 
Refrigeration, 
42'^, Heating 
amets Technician. 


Go after high earnings, pay increases, 
a business of your own. 

Send for NRI's free catalog. Find out what 
hands-on projects you do, the profes- 
sional tools you train with, and the future 
that can be yours. Act today. 


Be an 1 Air — | 
Refrigeration, Heating 
Technician. 


When it comes to targeting the good 
paying jobs, regular pay increases, and 


SEND COUPON TODAY FOR FREE NRI CATALOG! ^ 7 


Af / 4 SCHOOLS For Career courses 


McGraw-Hill Continuing Education Center approved under GI bill 
4401 Connecticut Avenue, NW, Washington, DC 20008 | — [ ] check for details. 


a, 
i n" IW CHECK ONE FREE CATALOG ONLY 


[ ] Electrician C Automotive Servicing US 
C Air Conditioning, Heating, C Home Inspection LI TV/Video/Audio Servicing 
& Refrigeration C PC Applications Specialist LI Industrial Electronics 

O Telecommunications C Computer Programming 


O Desktop Publishing CJ Cellular Telephone 
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| 

| 

| 

| 

| CI Microcomputer Servicing 
| CO Small Engine Repair 
| 

| 

| 
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O Appliance Servicing [ ] Gunsmithing L Digital Electronics Servicing 

C Locksmithing C Building Construction LI Bookkeeping & Accounting 
eo  —— 
Street 
City/State/Zip 


a Accredited Member National Home Study Council 
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TECHNO-VISOR 

To aid people with extremely poor vision, the Low Vision Enhancement System magnifies 

images, creating a display that is equivalent to watching a five-foot television screen from 

four feet away. A camera (or television input) sends signals to a processor worn on the 

user's belt. That image is then sent through a series of customized lenses to produce a 
single larger-thon-lite image. Developed at Baltimore's Johns Hopkins Medical Institution, — f EX! =h A^ 

the system may be available within three years and could cost about $3,000. (f 2 x. e — JJ MIRRORS 


Te b. 
"t | CAMERA 


DOUBLE-DUTY UMBRELLA 

A telescoping extension mechanism transforms the handle of this 62-inch golf um- 
brella into a nineé-fooHong ball retriever with the push of a button. Called Fido, the 
device costs about $50. Tech Sport, 82 Birch Ave., Little Silver NJ 07739. 


SOPHISTICATED 
COUPE 


Hyundai's HCD-Il concept sports coupe has a unique 
three-passenger seating layout that puts the third seat, 
constructed of biosoft gel, behind the front passenger 
with access from only the right side of the car. Powered 
by a two-iter, DOHC four-cylinder narrow-angle engine 
that produces 150 hp, the coupe features four-wheel an- 
tilock braking and traction control systems, dual air bags, 
and front-wheel drive. 


SURE, BUT IS THIS 
CHEATING 2 
Type a word into The Official Scrabble 
Players Dictionary and the unit checks — 
the spelling, provides a short definition, 
and validates or disqualifies the word 
according to the rules of the game. The 
$50 hand-held device even calculates 
scores for double- and tripleJetter 
spaces. Franklin Electronic Publishers, 
122 Burrs Rd., Mt. Holly NJ 08060. 


PHONE 
IBM's Personal Digital Communi- 
cator weds computers and fouch- 
screen cellular telephones. It has a 
builtin address book, calendar, and 
database that could be accessed to 
dial phone numbers automatically. A 
|. stondord PCMCIA card slot supports 
| electronic mail and fax capabilities. 
IBM has not announced plans to 
sell the device. 
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SCRABBLE 


1 mg. “tar”, 0.1 mg. nicotine av. per cigarette by FTC method 
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Okay, there’s no free lunch. You want something, 
you gotta lay out a little scratch. But here’s your 
chance to lay out a little less. Save a few bucks. 


And treat yourself to the low tar 
cigarette with the smooth, mild 
Used to be that was too 


much to ask at any price. But 


taste. 
hey, that was then. And this is 


NOW 


THE LOW TAR WAY TO SMOKE. 


© 1993 R.J. REYNOLDS TOBACCO CO 


SURGEON GENERAL'S WARNING: Quitting Smoking 


Now Greatly Reduces Serious Risks to Your Health. 


RAIN OR 
SHINE? 


This multifunctional weather 
station indicates temperature, 
relative humidity, and sun or 
cloud conditions, which are 
shown on screen as pic- 
tographs. The self-contained 
sever-inch-high device is also 

an alarm clock with a calendar. — S 
Cost: approximately $200. Sc- 9 
ence Museum Brainwaves, E 


9AD, England. 


ELECTRICITY WATCHDOG 


Want to monitor your electric bill? Power Sentry records home 
electricity consumption in kilowatt-hours, calculates your bill to 
date, and projects what you will owe at the end of the month if 
your consumption habits remain the same. The $285, two-part 
system consists of a device that attaches to your outdoor utility 
meter and an inside display. Northwest Extension, 11232 120th 
Ave. N.E., Kirkland WA 98033. 


175-MPH SEDAN 


With a top speed of more than 175 mph, the Bugatti EB1 12 is billed 

as the world’s fastest production sedan. The car's sixiter, four-cam, 60- 
valve, V12 engine blasts 500 hp through a four-wheel-drive transmission 
to create a maximum torque output of 435 pound-feet at 3,000 rpm. 
The four-door sedan combines an aluminum body with a high-tech car- 
bon-fiber chassis that features active suspension and ride height control. 


Hendon Rd., Sunderland SR9 — * 


To help your truck haul oversize 
loads, ExtencHt steel bars bolt to the 
back edge of the bed and rest on the 
tailgate, stretching approximately 
five feet beyond the truck bed. After 
an initial installation procedure, the 
device can be quickly attached or re- 
moved and folded for storage. Price: 
about $200. The Construction Acces- 
sories Co., Box 123, Cambridge MA 
02140. 
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Price: about $300,000. 


VOICE-COMMAND KEYBOARD 


Casio Musical Instrument's VA-10 Voice Arranger Keyboard accepts certain | 
voice commands. You can, for example, set the proper pitch by singing a 
note into the microphone. The unit also has 100 preprogrammed 
sounds, 12 auto rhythms, and 60 digital effects. — | 
Price: $200. gail 
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BETTER THAN 
THE REAL THING 
A simple and inexpensive alternative to building a garden path 
. with stone, the Quikrete Walk Maker is a rugged, recycled- 
plastic mold for shaping poured concrete into a walkway 
that resembles smooth stones. Each twotootby-two- 
foot section of walkway requires one 80-pound bag of 
gif concrete; the $30 mold can be reused to form consecutive, 
‘interlocking sections. Walk Maker, Box 1526, Alvin TX 77512. 
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Arm wrestling 
with Mother 
Nature. Putting 
suspensions up against 20 straight hours of off-road 
hammer blows. Testing our electronics in 100 mph 
dust storms. And punishing cooling systems in the 
heat of Baja. Racing means learning without limits, 


Because when it comes to durability for the street, 


there shouldn't be any limits. That's why we race. 


HAVE YOU DRIVEN 
A FORD LATELY? 


MAGAZINE 


HOME MECHANIX 


(UTDOORLIFE 


SERE 


Salt Water 


— SPORTSMAN — 


SKI 
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SKIING 
Yachting 
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hen asked what legacy he plans to 
leave as President Clinton's Secretary 
of the Interior, Bruce Babbitt says it 1s 
to fix the parks. "Revitalization and restoration of 
our national parks and wildlife refuges is one of 
my top priorities," he says. "President Clinton is 
firmly committed to repairing these areas, which 
are suffering from years of neglect." 

Americans' fervent love affair with the federal 
lands they own has caused the deterioration of some 
of the natural areas we care most about. Intensive 
use of some of these lands has not been matched by 
corresponding funds for maintenance. With facili- 
ties worth 30 to 50 billion dollars and 9,000 miles of 
roads in the national park system alone, keeping up 
with needed repairs is overwhelming. 

Just to fix existing problems in the national parks 
will take $2.3 billion. This backlog runs the gamut 
from garbage disposal to the restoration of natural 
environments: removing auto parts, construction de- 
bris, and 15,000 to 20,000 tires dumped in the na- 
tional park waterways in the Washington, D.C. area; 
putting new roofs on 131 buildings in Yellowstone 
National Park; removing graffiti and garbage from 
Grant's tomb in New York City's Riverside Heights; 
and replacing vegetation and dunes at the Gulf Is- 
lands National Seashore in Mississippi. 


word ED ct 


HELF WANTED 


America: S Federal Lands Need Fixing 
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Maintaining existing facilities lacks sex appeal. 
Congress devotes money to jazzy new projects but 
does not provide enough funds to maintain what is 
already in place. When this kind of neglect lasts 
decades, with the gap between needed investment 
and actual funding growing wider every year, the 
compounded problems become monumental. 

It’s Not Just National Parks That Need Fixing 
Maintenance problems in the parks may be the 
most glaring, but they are not the only ones. Na- 


Photograph of Cuyahoga Valley National Recreation Area 


by Robert Glenn Ketchum 


tional forests cope with about two and half times as — 


many visitors as national parks, Their maintenance 
backlog has reached almost a billion dollars. 

A sad example: In the George Washington Na- 
tional Forest in Virginia, one of the first camps 
built by the Civilian Conservation Corps during 
the great depression was closed last year. The rea- 
son: an inability to keep up with health, safety, and 
accessibility standards. Now 1,500 to 2,000 chil- 
dren who summered there each year must find 
somewhere else-or stay home. 

Fish And Wildlife Facilities Run Down 

The U.S. Fish and Wildlife Service manages 485 
wildlife refuges, 78 fish hatcheries, 13 major re- 
search centers, and 89 smaller field stations. But 
the work of the service is threatened by neglect. 

It's hard to find a refuge, hatchery, or research 


PARTNERSHIP FOR 
ENVIRONMENTAL 
EDUCATION 


imes Mirror Maga- 

zines, Inc., awards 
grants to further envi- 
ronmental education 
that amount to 2.5 per- 
cent of the company's 
revenues from advertis- 
ing carrying an envi- 
ronmental message. So 
far, the program has en- 
listed almost 100 adver- 
tisers and raised more 
than $100,000. 

One notable erant 
recipient 1s the Los 
Angeles Educational 
Partnership's Target 
Science Program, 
which was awarded 
$7,500. The funds are 
making possible the 
Los Angeles River 
Connection project for 
K-12 students and their 
teachers. Students in 
schools along the river 
will study water quali- 
ty, animal and plant 
life, and proposals for 
future riverine use, and 
share their data via 
telecommunications. 
Their teachers will re- 
ceive 16 hours of pro- 
fessional development 
training, including 
classroom activities to 
teach environmental 
concepts. The funds 
from our grant pro- 
eram will be used to 
provide student experi- 
mental and instruction- 
al materials. 

If you are interested 
in the Partnership for 
Environmental Educa- 
tion, contact the TMM 
Conservation Council. 


center that isn't in need of repair. The total mainte- 
nance backlog is $487 million, according to the Na- 
tional Fish and Wildlife Foundation. On refuges, 
$323 million in repairs is needed to maintain a habi- 
tat for fish and wildlife, among other requirements. 
The 39,000-acre Forsythe Refuge, near Atlantic 


City, N.J., dramatically demonstrates the impact of — 


maintenance neglect on waterfowl populations. The 
1,300 acres of impoundments were major nesting 


areas for gadwall, teal, and ruddy ducks in the © 


1960s. But the continuing deterioration of water- 
control structures resulted in inadequate flow, and 
the vegetation nesting ducks need has drastically di- 
minished. Today there are 80 percent fewer nesting 
ducks at Forsythe than in the late 1960s. 

Similarly, U.S. fish hatcheries suffer a total 
maintenance backlog of $133 million. When 
hatcheries have to partially close because they 
can't keep up with repairs, fewer fish are produced. 
Since 1988, fish production has dropped from 229 
million to 189 million fish a year; egg production 
has dropped from 273 million to 132 million. 

But when maintenance dollars can be found, as 
at the North Attleboro Hatchery in Massachusetts, 
the trend can be reversed. In the late 19805, its 
raceways were falling apart, and the hatchery's 
stocking programs for Atlantic salmon were lan- 
guishing, with production only at about 120,000 
fish and two million eggs a year. But after a just- 
completed $1.3 million reconstruction project, 
North Attleboro now produces 180,000 fish and 
four million eggs a year. 

Federal wildlife research centers, too, face big 
backlogs. Seven of the 13 research centers need 
more than one million dollars to get their facilities 
up to snuff. It was at one of the nation's premier 
research facilities, Patuxent Research Center in 
Maryland, that landmark research leading to the 
banning of DDT and the comeback of the bald ea- 


gle was performed. This is where Rachel Carson - 


did her work for Silent Spring, the book that 
launched environmental activism. 

Today maintenance costs have eaten into Patux- 
ent's research budgets, denying it dollars to propa- 
gate endangered species, for example. 

The Clinton Plan: How To Get Involved 
President Clinton's economic stimulus package to 
jump-start the economy includes $546 million for 
the National Park Service, Forest Service, Fish and 
Wildlife Service, and the Bureau of Land Manage- 
ment. The money is generally planned for repairs 
of roads, trails, and facilities as well as for refor- 
estation and wetlands restoration. 

This package will make a dent in some of the 
backlog, but longer-term solutions are also needed. 
One is to require that each agency devote a greater 
portion of its budget to maintaining its facilities. 

Another is to create a workforce whose primary 
purpose 1s to eradicate the maintenance backlog on 
public lands and to construct new facilities that 
meet modern building codes and other standards. 

Many public lands facilities were built in the 
1930s and early 1940s by the Civilian Conserva- 
tion Corps. In the March Conservation Council ed- 
itorial we proposed the establishment of a Conser- 
vation Peace Corps that would recruit people from 
around the country to work on restoring natural re- 
sources and public infrastructure on public lands. 
Recruits could be drawn from poor inner-city 
youth (who would benefit from the work skills de- 
veloped in such a program) and from military per- 
sonnel separated from the armed services with the 
end of the cold war. 

You could be another source of labor. It is grati- 
fying that more than 80 percent of Times Mirror 
Magazines readers who responded to the March 
editorial said they would be willing to donate one 
weekend day a month-or more-to such an effort. 


ACTION YOU CAN TAKE 


HE: what you can do to help restore infrastructure and natural resources on public land: 1) Tell your congress- 
man that you want your tax dollars spent on the problem. 2) Put a little sweat equity into your public lands by 
volunteering your energies. President Clinton is developing an extensive National Service program. We think a 
Conservation Peace Corps should be a cornerstone of that program. The President needs to know there are millions 
of people who are willing to devote time to fixing problems on public lands. 

If you think restoring infrastructure and natural resources on public land is important, tell us in a letter. We will 
make copies and send them to your congressman and senators. We will also send a copy to the Clinton Adminis- 
tration to show that there 1s strong public support for a Conservation Peace Corps. Write to: Dr. David B. Rock- 
land, TMM Conservation Council, 1705 DeSales St., N.W. Suite 801, Washington, D.C. 20036. 


NPS, USDAFS, USF & WS, Walklet/Yosemite 
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Have a real picnic, 
with these great prices on Rubbermaid. 


| Rubbermaid 


Rubbermaid 56-Quart Rubbermaid Thirst 

Ice Chest. Refreeze bottle ^ Blaster™ 2-Gallon Water 
capable. Comfortable, Cooler. Includes food stor- 
heavy-duty handles. age bin. Quickgrip® handle 
Snaploc™ latch seals in with screw-on lid. Splash 
the cold. seal helps prevent leaks. 


| 07 SALE Extra-thick insulation. 
QO BT mic. — prm 1596 


Rubbermaid Tote 12® 
Cooler. 12-quart capacity. 
Patented refreeze water 


Rubbermaid 20-Quart bottle screws into lid. 

Tall Ice Chest. Holds 2-liter Handle locks lid in tight. 
bottles and most tall Holds 12 cans. Full 6-year 
bottles upright. Sleek iii 06 
design. Handle nests in 

lid when not in use. low Ww peice 


15% low price 


On sale May 30-June 19, 
1993 at all continental 
U.S.A. Kmart stores, 


The quality you need, 
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the low price you want. 


Launched by a Titan or Proton booster with upper stages, this light- 
weight spacecraft could reach Pluto and its moon in just seven years. 


SPACE EXPLORATION 
Quick Trip To Piuro 


t a current distance of 4.5 billion 

kilometers from the sun, Pluto is 

the only planet in our solar sys- 
tem not yet visited by a spacecraft. 
Most mission plans call for a long and 
expensive journey to the faraway 
planet. But a recent proposal by scien- 
tists at the Jet Propulsion Laboratory 
(JPL) in Pasadena, Calif., offers a 
faster and less expensive way to get to 
Pluto. 

JPLs innovative Pluto Fast Flyby 
(PFF) mission envisions twin space- 
craft, each weighing in at a scant 150 
kilograms (one-tenth the weight of the 
Galileo probe now on its way to 
Jupiter). The lightweight PFF probes 


would be sent directly to Pluto, avoid- 
ing time-consuming “gravity assist” 
flybys of other planets, and arriving in 
just seven years. Because Pluto’s 
leisurely rotation keeps one side in 
darkness for more than three days at 
a time, the two craft would be timed to 
study opposite faces of the icy world. 

"To cut costs, the PFFs would be 
built using spare hardware from past 
missions for propulsion and communi- 
cation systems. Despite 
the bargain-basement 
approach, the small 
craft would carry 
enough equipment to 
study in detail the geol- 
ogy, surface composi- 
tion, and atmosphere of 
Pluto and its moon 
Charon. 

Researchers believe 
it is important to visit 
Pluto soon. Its orbit is 
carrying it away from 
the sun, and its thin at- 
mosphere will freeze to 
the surface within the 
next 30 years. “The 
sooner you get there, 
the better chance you 
have of observing a 
full-up atmosphere,” says JPL’s Tom 
Rivellini. Another chance like this will 
not come for more than 200 years. 
—Michael Carroll 


MICHAEL CARROLL 


[HE ATMOSPHERE 
GLOBAL COOLING 


he June 1991 eruption of Mount 

Pinatubo in the Philippines cooled 

Earth by about 1°F, according to 
data from NASA's Earth Radiation 
Budget Experiment satellite. The vol- 
canic eruption created a dust veil that 
reflects some of the sun's rays back to 
space. "The effects of Mount Pinatubo 
may be felt through early 1994," says 
Patrick Minnis of NASA's Langley Re- 
search Center. 


CHEMISTRY 


WloRLD"s THINNEST WIRES 


he NEC Corp. researchers who discovered buckytubes in 1991 have found a way to fill them 
with lead. Buckytubes are hollow structures that are thousands of times thinner than a human 
hair. Like buckyballs, they're made entirely from carbon atoms ["Buckyball: The Magic 


Molecule," Aug. '91]. 


In an experiment, scientists used the tiny tubes as molds to form wires that are only several atoms 
in diameter. When the tubes were heated in the presence of molten lead, capillary action sucked the 
metal into some of the tubes. The scientists still do not know whether the carbon-sheathed “wires” 
conduct electricity—no electrodes are small enough to test them.—Dennis Normile 


Om on 
MM ars 


alia 
E 


I 


— — 


1 ————— ————Ó—————— 


SCIENCE ÉY TECHNOLOGY 


or rare ai hulls use 

a single layer of steel. A dou- 
ble-bottomed design offers pro- 
tection from grounding, while a 
double-hulled scheme also shields 
cargo from collision. 


NAVAL ENGINEERING 


New DESIGNS FOR 
QiL TANKERS 
BY PETER BRITTON 


ome maritime experts say a double hull would have stopped, or at 

least slowed, the flow of crude oil from the Exxon Valdez into Alaska’s 

Prince William Sound in March 1989. The U.S. Coast Guard, for exam- 

ple, estimates that a double hull would have reduced the amount of oil 
spilled by as much as 60 percent. 

In a double-hulled ship, the cargo is protected by two steel plates separated 
by an air space about two meters wide. Even if the inner hull is penetrated, the : 
space can help contain the oil. Congress already requires double hulls on ships 
transporting hazardous materials, and the Oil Pollution Act of 1990 mandates 
double hulls for all tankers trading in U.S. waters by the year 2015. 

Double hulls are not a new idea. Skaarup Oil's vice chairman William O. 
Gray recalls investigating double hulls and double bottoms for Exxon tankers 
(then Esso) in the mid-1960s. The United States proposed double-bottomed 
tankers at the 1973 International Convention for the Prevention of Pollution 
from Ships. "The proposal was soundly defeated,” says Gray. 

Times have changed, though. While the Valdez grounding spilled less oil 
than at least two dozen other tanker accidents in history, it elicited new calls 
for double hulls, double bottoms, and other designs. 

A 1991 National Research Council committee that studied 17 concepts for 
preventing oil spills concluded that “on the basis of cost-effectiveness, the dou- : 
ble hull is among the best values.” The committee estimated that converting 
to double hulls would raise gas prices by one to two cents per gallon. 

Close to 50 double-hulled tankers are under construction around the world to- : 
day. But double hulls are just one of many proposed methods for preventing 
oil spills and the environmental tragedies that follow, and other modifications 
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: are also on the drawing board. The International Maritime Organization recently 
: concluded that a mid-deck (or H-deck) design offers as much protection as a 

: double hull. The mid-deck design divides the cargo tanks into separate upper 

: and lower chambers. Ballast tanks along the sides provide some protection 

: from collisions. And in the event of bottom damage, the upward pressure from 

: water beneath the tanker is greater than the downward pressure of oil in the 

: lower chambers, so oil tends to stay inside the vessel. 


The Coast Guard recently evaluated the mid-deck and two variations, the 


: Polmis (pollution minimization system) and the Coulombi Egg. The Polmis 

: features a Yshaped division that isolates the large center tank from the ship's 

: bottom. Two large rescue tanks with the same shape rest between the cargo 

: tanks. Oil is pumped into these vacuum tanks in an emergency. The Coulombi 
- Egg uses wing tanks with a width exceeding 20 percent of the vessel’s beam. 
: This is thought to provide protection against collision, with the mid-deck guard- 
: ing against damage from grounding. 


Other concepts under consideration include hydrostatic loading—lowering 


the tank levels until the pressure of the oil is less than that of the water out- 
: side the tanker. If a rupture does occur, inrushing water will block oil leak- 

: age. The major drawback: This technique reduces cargo capacity by 15 per- 
: cent or more. 


The Coast Guard study also evaluated an underpressure system: If the tightly 


: sealed tank ruptures, a small amount of oil escapes, creating a vacuum that 
: keeps most of the oil from gushing out. Critics, however, are concerned that 
: the system might cause tanks to collapse. 


After studying the alternatives, the Coast Guard concluded in a December 


3 1992 report that a double hull is still the best way to prevent oil spills caused 
: by groundings, the most common type of accident in U.S. waters. 


The Massachusetts Institute of Technology in Cambridge has now begun a 


: : five-year project to conduct “crash worthiness” tests similar to those in the car 
: industry. The Joint Industry Project on the Grounding and Protection of Tankers 
will not only study double hulls and mid-decks, but will also gather data on 


: technologies for retrofitting ships, such as massive “bumpers” that would ab- 


: sorb shocks and elastic tank liners that would stretch to accommodate an in- 
: truding rock. 
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This "report card" rates the environmental im- 
pacts of Tree-Free bathroom tissue. The tissue 
scored well because it is made from recycled pa- 
per, and the manufacturer uses no virgin wood 
products for packaging and shipping. 


ENVIRONMENT 
GREEN LABELS 


magine a label that would list a 
ES environmental impacts as 

well as its ingredients. A bathroom 
tissue made by The Tree-Free Co. of 
Augusta, Maine, will soon have such a 
label—an "environmental report card" 
that spells out the consequences of 
manufacturing, distributing, using, 
and disposing of the product. 

The report card is the brainchild of 
Scientific Certification Systems (SCS), 
an Oakland, Calif.-based company 
that tests products for environmental 
attributes such as biodegradability. 
Several other programs grant envi- 
ronmental "seals" of approval, but 
only the SCS program (formerly 
known as Green Cross) conducts the 
extensive research required to deter- 
mine the cradle-to-grave environmen- 
tal impact of a product. 

Once a company has submitted a 
product for evaluation, SCS re- 
searchers conduct what is known as a 
life-cycle assessment. They use data 


NATURE 
Poison Birps 


n the feathers of an orange-and-black song- 


bird common in New Guinea, Jack Dumbacher 
struck scientific gold. Dumbacher licked his cut 


fingers after freeing “feisty” hooded pitohuis 
(PIT-c-HOO-eze) from nets meant for birds of 
paradise. The result was “numbness, burning, 
and sneezing,” and the discovery that the skin 
and feathers of the hooded pitohui and two re- 


lated species contain a nasty nerve agent called 


homobatrachotoxin. 


Dumbacher, a University of Chicago graduate 


student, is the first to identify a poison in a 
bird. His discovery is forcing astounded or- 
nithologists to view birds’ brilliant plumage in 
a new light—as a possible warning of potent 
chemical defenses. 


collected from company docu- 
ments, on-site visits, and lab- 
oratory tests to attempt to 
quantify the natural re- 
sources and energy con- 
sumed during the produc- 
tion, transportation, and 
disposal of the product. The 
researchers also try to calcu- 
late how much pollution is 
released into the environ- 
ment. They then boil down 
the data into a report card 
that rates the product on the 
basis of resource depletion, 
energy use, air and water 
emissions, and solid wastes. 

“There are tradeoffs with 
every product,” says Linda 
Brown of SCS. “It’s impor- 
tant to know what those 
tradeoffs are.” 

Although SCS report cards 
will help consumers begin to 
make informed choices, com- 
prehensive life-cycle assess- 
ments are still years away 
for most products. Engineers 
and scientists first need to 
gather more data on the 
byproducts of manufacturing process- 
es. It may take a decade or more to 
settle the argument that started it all: 
Paper or plastic?—John F. Wasik 


STEVE STANKIEWICZ 


AEROSPACE 
Nicur LIGHT 


o cope with global warming, some 
T^ have proposed to orbit 
giant mirrors that would beam 
sunlight down to the oceans' phyto- 
plankton during the night. The light 
would boost the plants' photosynthetic 


The skin and 
feathers of this 
bird contain the 
same toxin found 
in the skin of 
Colombian poison- 


dart frogs. 


The "poison- 

dart" frog of the 
— Amazon is the only 

other animol known to pack the homobatroa- 
chotoxin poison, in a much higher dose. Like 
monarch butterflies deprived of milkweed, the 
frogs are nontoxic when raised in captivity. 
Dumbacher wants to collect live pitohuis to see 
if their poison is also diet-dependent. 

“We might find lots of cases of poisonous 
birds,” says Dumbacher. “No one’s ever really 
looked before.” Joyce Gramza 


‘SPACE MIRROR ` 


After leaving the Mir space station, the cargo ferry Progress 
deployed the Banner mirror, which had been folded into a 

drum. Using maneuvering rockets, Progress a 
of the unfurled mirror to catch sunlight and re 


sted the angle 
it to Earth. 


activity, and thereby suck more carbon 
dioxide—a greenhouse gas—from the 
atmosphere. 

Now the Russians have taken a 
modest first step toward implement- 
ing that technology, in an experiment 
carried out by a consortium under 
the aegis of NPO Energia space com- 
pany. At 12:30 a.m. on Feb. 4, a thin 
solar sail with an aluminized Mylar 
reflecting surface sent a two-and-a- 
half-mile-wide beam of sunlight slic- 
ing at 17,000 mph across a segment 
of the Atlantic Ocean, then Europe 
and Russia. 

The 65-foot-diameter mirror, 
named Znamya, or Banner, had been 
carted into space, fanfolded, in the 
hold of the Russian cargo ferry 
Progress. After Progress delivered 
supplies to the manned space station 
Mir, Banner was deployed, its eight 
segments unfurled, and its position in 
orbit shifted in order to catch the 
sun’s rays and reflect them to Earth. 
The intensity of illumination was that 
of perhaps a few full moons—too fee- 
ble to shed discernible light, although 
the flashing mirror itself could be 
seen from Earth. 

Larger space mirrors could theoreti- 
cally enhance agricultural production 
and save electricity by turning night 
into day (although some environmen- 
talists and others of a poetical bent 
have protested). The next step, if the 
Russian space program can raise suf- 
ficient funds: a mirror up to 650 feet 
across.—Arthur Fisher 
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ENGINEERING 
SPACE-AGE SEWAGE SYSTEM 


rom technology designed for use in 
space, John Todd of Ocean Arks 
International in Falmouth, Mass., 
has developed a down-to-Earth alter- 


native to conventional wastewater , 


treatment. By mimicking pond and 
marsh processes, his greenhouse- 
based "living machine" cleanses 
sewage without intensive energy or 
chemicals. 

According to Todd, Ocean Arks' sys- 
tem removes more contaminants and 
produces less sludge than convention- 
al methods at competitive costs. The 
system also produces valuable prod- 
ucts such as bait fish, ornamental 
plants, and potting soil. 

To test the technology, the EPA 1s 
funding a project in Frederick, Md. A 
facility designed by Ocean Arks and 
engineered by Advanced Greenhouse 
Systems of Burlington, Vt., will treat 
20,000 to 40,000 gallons of sewage per 
day. The sewage, from a 340-inmate 
prison, will flow through two green- 
houses that allow year-round opera- 
tion. As the sewage passes through 
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AERATED SOLAR SILOS 
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"SLUDGE RECYCLING 


BIOFILTER 


CLARIFIERS OUTDOOR SLUDGE 


— HANDLING 
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Sewage flows into aerated tanks inside a small greenhouse, then to a series of solar silos inside ü 
larger greenhouse. The silos contain microorganisms, snails, shellfish, and plants such as hyacinths 
and watercress; some also hold fish. In a clarifier, solids settle to the bottom for removal. The re- 
maining liquid flows through a “biofilter” of plants such as bulrushes and cattails. 


tanks and a miniature wetland in the 
sreenhouses, living organisms will re- 
move heavy metals, human pathogens, 
and other contaminants. ^Sludge pro- 
duction is expected to be one-tenth to 
one-fifth of that generated at conven- 
tional plants," Todd claims. 

Pilot projects are already being 
used to treat waste from septic tanks 
in Harwich, Mass.; municipal sewage 
in Providence, R.I.; and dairy wastes 
at the Ben and Jerry's ice cream facto- 
ry in Waterbury, Vt. Harwich officials 


are considering constructing a full- 
scale facility. “What is important 
about the technology is that it is mod- 
ular in nature, and additions can be 
made as needed," says town select- 
woman Shirley Gomes. 

San Francisco water administrators 
also hope to test the technology. They 
say it could be used to reclaim water 
from municipal sewage for irrigation, 
fire fighting, toilet flushing, dust con- 
trol, and soil compaction at construc- 
tion projects.—Carol Brighton 
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You Know The Feeling You Sometimes Get That You're Forgetting Something? 
Now You Can Experience It Every Weekend. 
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A span of some 3.5 million years separates carly he hominids (left), whose bipedal footprints proved that 
man's prehuman ancestors walked upright, from near-modern Cro-Magnons (right). 


EXHIBIT 


CELEBRATING HUMANKIND 


spectacular exhibit dedicated to 
the genus Homo has opened at 


the American Museum of Natu- 
ral History in New York City. Visitors 
pass through a sequence of three main 
sections in the new Hall of Human Bi- 
ology and Evolution: One section de- 
lineates human biology and anatomy, 
another traces human evolution, and 
the third focuses on the wellsprings of 
human creativity. 
The new hall features the latest in 
exhibition techniques, including com- 
puter animation, interactive video 


tes. Jeep] isa S Sristéftd tfademark of Chrysler Corporation. 


programs, and life-size holography. 

Perhaps the most dramatic displays 
are the ultra-realistic dioramas for 
which the museum has long been fa- 
mous. One depicts a male and female 
Australopithecus afarensis—human 
forebears whose 3.5-million-year-old 
footprints were discovered in Tanza- 
nia and who were reconstructed based 
on the famous “Lucy” skeleton. Anoth- 
er diorama recreates a scene from 
15,000 years ago, with Cro-Magnons 
living in a glacial climate in what is 
now Ukraine. Their remarkable hut, 
considered to be the earliest known 
example of human architecture, is 
built from the bones and tusks of 95 
mammoths.—A. F 
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MEDICINE 


» . Bnicur LIGHT 
In THE CANCER FIGHT 


new light is dawning in the war against 
Nos Called photodynamic therapy 

(PDT), the experimental treatment uses 
light to trigger reactions in photosensitive 
drugs that accumulate in tumors. PDT has 
been used against cancers in the bladder, 
lungs, esophagus, and other soft tissues. 

In treatment, a light-reactive drug called 
Photofrin is injected and allowed to circulate 
in the body for at least two days. By this 
time, the drug has receded from healthy tis- 
sue but, for reasons not fully understood, is 
concentrated in growing tumor cells. 

To activate the drug, lasers and optical 
fibers deliver light to the cancerous tissue. 
When exposed to red light with a wave- 
length of 630 nanometers, Photofrin releas- 
es a hyperexcited form of oxygen that plays 
havoc with cell membranes and internal 
structures. 

Quadra Logic Technologies in Vancouver, 
B.C., a small firm that owns rights to 
Photofrin, joined forces with giant American 
Cyanamid's Lederle Laboratories to do the 
clinical testing necessary to gain approval 
from the Food and Drug Administration. They 
are now testing Photofrin in the United 
States as a treatment for cancer of the 
esophagus.— Vic Cox 
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BIOLOGY 
FisH TALES 


he ears of salmon and other fish 
contain otoliths—bony stones 
ranging in size from microscopic 
to as large as a quarter. Fish add a 
ring to their otoliths each day, by syn- 
thesizing a mineral called aragonite. 
Eric Volk of the Washington state 
Department of Fisheries discovered 
that if he cooled the water at a salmon 
hatchery by two degrees, then 
warmed it up two days later, he could 
create alternating dark and light lay- 
ers in the fishes' otoliths. Further- 
more, by varying the length of the 


This cutaway of a fish "ear 
stone" shows patterns of 
wide and narrow growth 
rings that are used to identi- 
fy the hatchery where the 
fish was born. 


STEVE KARP 


THE SENSES 


INVISIBLE HEARING AID 


warm period, Volk could produce pat- 
terns of narrow and wide bands. 
Using the patterns, Intermec Corp. 
of Everett, Wash., created a bar-code 
system for identifying fish. After 
salmon are caught and their otoliths 
removed, a scanner reads the embed- 
ded codes. This system allows biolo- 
gists to compare the survival rates of 
fish from different hatcheries. 
Because otolith growth rings are 
sensitive to temperature, some re- 
searchers are using fossil otoliths to 
get weather reports from millions of 
years ago. “By sampling the thin 
bands of stone with a tiny probe, we 
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The XP Peritympanic hearing 
aid is worn deep within the 
bony portion of the ear canal. 
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can measure the isotopes of oxygen in 
each layer. This allows us to accurate- 
ly calculate the water temperature for 
the time period sampled,” says Uni- 
versity of Michigan geologist William 
Patterson. 

“The best tools for gauging ancient cli- 
mates have been marine fossils,” he 
says, “and they are not available in 
freshwater regions such as the Midwest. 
Now we have a way of looking into such 
questions as whether it was climate or 
human hunters who most contributed 
to the decline of the mammoths and oth- 
er extinct North American mammals.” 
—Jonathan D. Beard Phe 
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It's the future. 
And it arrives every 
week on the TV series 
that takes you to 
the leading edge of 


technology and beyond! 
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AUTOMOTIVE 


EDITED BY DAN McCOSH 


TAO 
CENTRAL ROTOR ER 
As the engine | rotates, nl. 

sliding vanes in the rotor follow "ae stale of 
the combustion chamber. 

ENGINES 


PADDLE-WHEEL PROTOTYPE 


A: ingenious rotary-engine design 


developed by researchers at West 
Virginia University promises a 
high power-to-weight ratio and ex- 
treme smoothness. 

The mechanism uses six axial vanes 
that ride in slots cut in a central rotor, 
giving the appearance of a paddle 
wheel with the blades free to slide 
back and forth through the slots. The 
vanes ride in a trough that varies in 
depth. As the vanes ride around the 
trough, the volume trapped between 
two vanes compresses as the bottom of 
the trough rises and expands as it 
falls. The trough, or “cam,” is shaped 
to create the familiar four cycles of in- 
take, compression, ignition, and ex- 
haust as each set of vanes completes a 
revolution of the crankshaft. 

There is a single central rotor, with 
two cams on the two sides of the rotor. 
The volume trapped between each set 
of vanes expands on one side, while 
being compressed on the other. Six 
vanes create a total of 12 combustion 
pockets, with a dozen firing impulses 
per revolution. 

Since varying the profile of the com- 
bustion cam varies the rate of expan- 
sion (or compression) of the combus- 
tion chamber, the design has some 
interesting possibilities in controlling 
combustion. The inventors also claim 
that variable intake timing is relative- 
ly easy to achieve. Problems with fric- 
tion and sealing the vanes have yet to 
be solved, however; and the optimum 
shape of the combustion cam is still 
under investigation. 


ALTERNATIVE FUELS 


C 


CNG Gets THE Nop 


ompressed natural gas (CNG) 
gains momentum as the alterna- 
tive fuel of choice with announce- 
ments by both Ford and Chrysler that 
they are going into production with 
dedicated CNG-fueled vehicles as ear- 
ly as 1994, Chrysler plans production 
of a CNG-powered minivan, while 
Ford plans a dedicated CNG version 
of the Crown Victoria similar to the 50 
CNG Crown Victorias being tested in 
a pilot program already under way. 
Both programs are aimed at meet- 
ing the potential demand for alterna- 
tive-fueled vehicles stemming from 
the National Energy Policy Act of 
1982, which stipulates that by the 
year 2000 up to 75 percent of the cars 
and trucks purchased annually by fed- 
eral and state agencies operate on al- 
ternative fuels. In addition, under the 
Clean Air Act, federal and state gov- 
ernments require that all fleets of ten 
or more vehicles operating in the 22 
most polluted cities begin phasing in 
clean-air vehicles. By 1999, 50 percent 
of the vehicles purchased by fleets in 


he trickling down of exotic technology once 

reserved for high-priced sports coupes has 

reached the new Mitsubishi Galant. The 
103.7-inch-wheelbase Galant uses link-type 
suspension at the front and rear, a design that 
minimizes unwanted camber changes, while 
providing a small amount of rearaxle toein 
under load. The result is an agile, aggressive, 
smooth-riding sedan with crisp handling and a 


sporty feel that even extends to the base model, 


as do supportive seats and well-placed controls. 
The base engine is a single-overhead cam, 
2.4-liter, balance-shaft-equipped power plant 


ERGONOMICS 


he semispinalis cervices (neck mus- 

cles) and the trapezius (shoulder mus- 

cles) are two of the muscle groups 
monitored by biomechanics researchers at 
Wayne State University in Detroit. Using a 
technique that records electrical activity in 
those muscles, they hope to find an objec- 
tive method to determine the comfort of a 
car seat. The researchers conclude that elec- 
trical activity indicates if the driver and pas- 
senger are comfortable, while measure- 
ments of pressure distribution do not. The 
information will be used in the development 
of future car seats. 


those cities must meet new emissions 
standards. In the year 2000 and be- 
yond, the figure will rise to 70 percent. 

Natural gas proponents claim that 
the reduction in certain emissions 
makes natural gas vehicles nearly as 
clean as electrics, when the standard 
sources of electricity are taken into 
account, A paper presented at the re- 
cent annual meeting of the Society of 
Automotive Engineers indicated, 
however, that natural gas produces 
excessive hydrocarbons during the 
warmup period. 


that produces 141 hp at 5,500 rpm. A twincam 
: version, available only in the GS model, revs on 

: additional 500 rpm and produces 160 hp. Both 
: engines have 16 valves per cylinder and elec- 

: tronically controlled multi-point fuel injection. A 


“fuzzy-logic” transmission shifts to a lower gear 


; automatically on downgrades. 


The additional power of the GS comes at some 


: expense in engine noise. The EPS-I electronically 
: controlled power steering on the GS is also dis- 

: appointing and subtracts substantial fee-—poor 
: performance compared with the positive driver 

: feedback of the base system. 


The new Galant enters an increasingly crowded 


: field of high-quality cars in its class, with a strong 
: package at the lower end of the price range. 
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PEOPLE WHO 


KNOW RECYCLE" 


When you dump the 
used motor oil 


from a single oil 


change in the trash, pour it on the ground, or toss 


it into the sewer, it seeps down into the water 


& table and ruins 1,000,000 gallons of fresh water. 
In fact every year "do-it-yourselfers 


| improperly dispose of 


220,000,000 gallons of used 


motor oil. Thats why 


GALLON, : Valvoline Environmental 
| OFUSED' . 


NM MOTOR OIL © 


services is so important. 


x $ Now you can take all of 
s) 


| MILLION 


your used motor oil down 
to a participating retailer, 
where they'll collect it 


d i "WATER for free. Then Valvoline 


arranges to pick it up 
and recycle it. So 
look for the Valvoline 
Environmental Services 
logo at fine retailers 
everywhere and 
recycle your used motor oil. Bernie 
you re not a part of the solution, oud 


a part of the problem. S 


ENVIRONMENTAL 
SERVICES 


AUTOMOTIVE 


RECYCLING 


Like-New COMPONENTS 
FROM THe Scrap HEAP 


lof new-car manufacturers that use 
plastic parts made entirely from 
recycled automotive components. 

The issue of reclaiming plastics 
from old automobiles for use in new 
cars has become a growing environ- 
mental concern in recent years. De- 
spite the growing interest in recycling 
plastic components, most current pro- 
posals to recycle plastics recommend 
that the end product be used for non- 
automotive purposes—to make car- 
peting, for example—mainly because 
it is difficult to control the quality of 
reused plastics in order to meet the 
stringent safety standards of the auto 
industry. 

Ford’s program regrinds thermo- 
plastic collected from the salvaged 
bumpers of Taurus, Tempo, and Es- 
cort models and molds it into taillight 
housings. BMW also is using recycled 
plastic in some of its new-car parts. 

Identifying and separating the vari- 
ous types of plastics remains a prob- 
lem, however. A year-old, BMW-spon- 
sored prototype program offers $500 
for old BMWs at company-sponsored 
recycling centers, but has so far at- 
tracted only about a dozen cars. Part 
of the problem is that old BMWs, even 
junkers, are worth more than the 
$500 scrap price. 


d joins a select but growing list 


MARTY BRAUN 


SECURITY SYSTEMS 


Stop, THIEF! 


ar thieves have conducted a run- 
C and mainly winning, battle 

with the latest in antitheft technol- 
ogy for years. Now Adaptive Vehicle 
Systems of Houston has developed a 
system activated via an 800 number. 
Using a satellite transmission, it al- 
lows you to turn off the car's engine 
from a distance, effectively disabling 
the vehicle after it is stolen. The sys- 
tem is passive, in that it does not let 
you know where the car is, only that 
you have at least interrupted the 
joyride. A second feature allows remote 
activation of a kill switch, which is 
handy when the car is left unattended. 

Other options include the ability to 
remotely unlock the doors and trunk 
—if nothing else, a courtesy to the 
thief after the vehicle has stalled. An 
additional option allows the car to be 
restarted from a remote location. 

The inventors are still working on 
some way to locate the abandoned ve- 
hicle, presumably as it waits patiently 
for its owner with the engine running. 


production vehicle, although it 
is too small for the U. $.mor 
» ket: Orbital, which has several < 

4 licensing agreements fo pro — 


duce its direcHinjec — 
fion fueldelivery system, € »3 
only say it has a commit - 
ment to build a small num: 
— ber of engines for a t 
CONCEPT CARS . weightandcompoctsizeof —- dit niora: 
the two-stroke. The car is. pow- 
r^s Au ered by a tiny, 800cc two 
In THe ENGINE cylinder twostroke power 
plant built by Australia's Orbital 
mini-sports coupe Engine Co. that produces 54 
Mess by Italy's hp at 5,500 rpm. At a steady 
Pininfarina adds to the 56 mph, the company claims 
growing list of concept cars the lightweight car gets 135 
designed around the compact ^ mpg. | 
ke engine. _ As the second generation of 
The Ethos Il is the second ef- Pininfarina’s “Ethos” series 
fort by the Italian design firm [What's New, Oct. '92], the 
to take advantage of the light coupe has some promise as a 


The tiny Ethos Il concept car (above) is powered by an equally 


diminutive 800cc two-stroke power F (right). 


' Steve Hmiel 
thief Mechanic for 
Mark Martin 


Ili all happens in a rush. It's like catching bullets in your teeth. You yell, you scream, you pray, 


you cry, you make it happen for your driver. Racing wouldnt be anything without pit stops. n" 


When you love what you do, you want 


to do it better than anyone. For 


Steve Hmiel that means applying 


more than emotional energy: It means applying every technical advantage possible. Valvoline motor oil 
for example. Our high performance oils are engineered to perform and protect under extraordinary stress 
—resisting whatever heat, cold, pressure and dirt your en- 


gine can throw at it. In fact, of all the 


leading motor oils, Valvoline 


is the number one choice of 


Ajay DR ORANE 


Daytona 500 mechanics, like Steve. For use in their race cars, and in 
| AIO 


their own cars. But don't take it from us. Take it from Steve. He'll tell 


you straight from the heart. And brain. PEOPLE WHO KNOW USE VALVOLINE” 
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pressure sensor that enables the en- 


FUEL INJECTORS gine to operate with the precise fuel- 
STATISTICS air mixture that reduces NOx, but the 
EFFICIENCY For ultimate solution would be an NOx-re- 

Death Or An Auro GASOLINE ENGINES ducing catalyst. 

Bosch already has developed fuel 
ars live longer than they used to, ac- he potential of a direct-injection, pumps and delivery systems suitable 
cording to a study of service life ex- T four-stroke engine may exceed fora direct-injection engine. An air-in- 

"ws pectancy presented at the Annual even that of a two-stroke engine, jection fuel injector also reduces parti- 
Congress of the Society of Automotive En- according to engineers at Robert cle size, which enhances combustion 
gineers. Among the findings: Domestically Bosch Corp. of Broadview, Ill. in extremely lean mixtures. 
produced cars stay on the road longer than The potential for 
imported cars; luxury cars last longer than improved fuel econo- Jame 
less expensive models; and cars don’t last my for a lean-burn, di- e. 
as long in states where salt is used as a rect-injection engine is 
deicer. approximately 15 to 

The attrition rate for cars in states that 20 percent, compared 
salt their roads has, however, declined at a with the best of today's 
faster rate than in the rest of the country, four-stroke engines, says 
an indication that cars’ corrosion resistance Dieter Guenther, chief engi- 
is improving. And, for the first ten years of neer of management systems | 
service, import and domestic cars rank at Bosch. That would make a 
about equally; in the second decade, gasoline engine about as fuel AIR-FUEL 
though, imports reach the salvage yard efficient as most of today’s indi- ie 
more quickly. rect-injection passenger-car 

| — Researchers caution that a long service diesels. 
life is not necessarily an indication of a car's The drawback is the same as INTAKE RUNNER 
quality. Quality does affect the length of for other lean-burn concept en- 
time a vehide stays on the road, but other gines being proposed today— 
factors are climate, local road conditions, mainly high emissions of oxides In this fuel injector from Bosch, pressurized air from the 
and the economic situation of the owner. of nitrogen (NOx). Bosch sees manifold is led to the qan nozzle, where it mixes 
- some potential in a combustion with and atomizes the fuel particles. 


The oil filter that's engineered for your 
Ford, Mercury or Lincoln is the one 

that performs. For the Motorcraft retailer 
nearest you, call 1-800-521-5181. 
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MiLEAGE RECORD 
CrrnóEN Does lr AGAIN 


feather foot helped squeak 96.8 
mpg out of a production Citréen 
"AX diesel on a test track in 
England, a new record for a produc- 
tion car. 

The record mileage figure was sub- 
stantially higher than the already im- 
pressive 60 to 70 mpg normal for the 
Citróen model, which is not offered for 
sale in the United States. To achieve 
it, the driver maintained a constant 
speed of about 30 mph on a level test 
track. (The rules allowed any speed, 
but 30 mph was about the minimum 
the car would run in fifth gear.) 

Setting the new record on a closed 
test track differed slightly from past 
efforts, which took place on open 
roads, but with limited access. The en- 
gine that propelled the car is an indi- 
rect-injection, 1.3-liter diesel that de- 
velops about 53 hp. The previous 
record holder also was a Citröen AX 
diesel. The new model features spe- 
cially developed tires and a higher fi- 
nal drive ratio. Both use a new Lucas 
engine-management system. 


The spark plug that's engineered for your 
Ford, Mercury or Lincoln is the one 

that performs. For the Motorcraft retailer 
nearest you, call 1-800-521-5181. 


Motorcraft 


QUALITY PARTS FOR QUALITY CARS™ 


‘Tue New 
New YORKER 


he dramatically styled LH- 
i Chrysler New 
Yorker and LHS are 
intended to erase the memory 
of the "/escale luxury K-car 
sedans—the New Yorker, 
Fifth Avenue, and 
Imperial—they replace. 

The 113-inch-wheelbase LH- 
stretch cars are larger than the 
Lincoln Continental, with 108 
cubic feet of interior volume 
and slightly less than 18 cubic 
feet of trunk space. The New 


senger, berich-seat, column- 


: shift version, while the five-pos- : 


: senger LHS uses the 21 4-hp, 


four-cam, four-valve version of 


the Chrysler 3.5-iter V6 engine 
: Coupled to a four-speed elec- 

: tronically controlled transaxle. 

: Suspension is gas-pressurized 

: struts, MacPherson in the front 
: and Chapman at the rear, with 
: anti-roll bars. | 


The New Yorker—with an 


t entryJevel model priced at 

: about $25,000—has loads 

: of standard equipment but 

: plenty of room for options. The 
: LHS standard equipment list is 
: led by dual air bags, antilock 
Yorker is the traditional six-pas- : 
: trol, automatic air-conditioning, 


brakes, electronic traction con- 


leather seating and trim, and a ` 


: power moon roof —for about 
: $29,000— with only a CD 

: sound system and a cellular 

: telephone as options. 


After driving the duo for sev- 


: eral days in California's Napo 
: Valley, the New Yorker and 

: LHS seemed very spacious, 

: comfortable, and quiet, with a 
: much more connected road 

: feel, steering quickness, and 

: less body roll than traditional 

: American luxury cars. The en 
: gine and drivetrain, though o 

: bit unrefined, provided a good 
: combination of quick response, 
: load-pulling torque, and 

: smoothness.—Jim McCraw 
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CATALYTIC CONVERTERS 


A New GENERATION MEETS 
EMISSIONS STANDARDS 


MAIN CONVERTER 


PRE-CONVERTER ELECTRICALLY HEATED 


SUBSTRATE 
An electrically heated catalytic converter, using 
a single 12-volt battery and no preheating, 
passes California’s 1997 emissions standards. 
uture emissions standards drasti- 
F: reduce allowable emissions 
during the warmup period, when 


most contemporary catalysts do not 


run hot enough to be effective. The re- 
sult has been a search for a new gen- 
eration of catalyst technology that can 
be activated quickly. 

Corning Inc., of Corning, N.Y., re- 
cently demonstrated a second-genera- 
tion version of its electrically heated 
catalyst that drastically reduces cur- 
rent consumption. The concept is to 
heat the catalytic material with an 
electric current, bringing it up to oper- 
ating temperature before the engine is 
started. The main drawback is the 
high current consumption that com- 
petes with the energy demanded to 
start the engine itself. 

Previous catalytic converter sys- 
tems, at minimum, required a second 
battery to accomplish the task. Corn- 
ing's latest version, however, heats the 
converter in two stages and can be ac- 


- a 


tivated with a single 12-volt battery. 

Allied Signal, another major cat- 
alytic-converter supplier, takes a dif- 
ferent approach with its palladium- 
only catalyst. Currently, most 
catalysts use an alloy containing ei- 
ther platinum or rhodium—two pre- 
cious metals found in combination 
with palladium in nature. 

According to Allied, based in Morris 
Township, N.J., its palladium-only 
catalyst treats oxides of nitrogen as 
well as unburned hydrocarbons. Un- 
like platinum-based catalysts, it also 
works well at high temperatures, 
which means it can be mounted close 
to the engine where exhaust heat ig- 
nites it quickly. The main drawback to 
palladium catalysts has been their 
susceptibility to sulfur *poisoning," a 
problem Allied Signal claims to have 
solved. The company says an unan- 
nounced major auto maker has con- 
tracted to use the new catalyst. 


ELECTRIC CAR RECORD 
Honors To CHRYSLER 


hrysler Corp. is claiming a record 

of sorts: An engineering expedi- 

tion drove one of the company’s 
electric-powered minivans 2,500 miles 
from Detroit to Los Angeles. The trip 
was completed in 155 hours, an im- 
pressive accomplishment—except 
that a giant semitrailer truck hauling 
a diesel-powered generator followed 
along, recharging the car every hour 
or so. The previous electric car “dis- 
tance” record holder, from Diversified 
Industries, had its battery packs re- 
placed when they ran down. 
Chrysler’s accomplishment was 


EMISSIONS 
Ow Cars Are Guiry 


ld cars are the real emissions culprits, 

according to a recent study by re- 

searchers at the University of Denver. 
The study relied on a new technique for re- 
motely measuring emissions of vehicles on 
the road, which detected the dirtiest cars in 
Utah County, Utah. 

À remote sensor uses an infrared beam to 
measure carbon monoxide and hydrocar- 
bons in the exhaust, then a video camera 
records the license plate ["Best of What's 

New," Dec. '91]. This on-highway approach 
contrasts with federal laws that will soon re- 
quire cars to pass lengthy emissions testing 
at specialized centers. 

One hundred fourteen vehicles were 
nabbed by the remote device. The total 
emissions of the 47 dirtiest exceeded the 
total emissions of the 2,500 cleanest cars 
measured at the same location. Projected to 
the total number of vehicles on the road, 
the study indicates the air could be cleaned 
up 25 percent by identifying the worst of- 
fenders and repairing them. 


mainly a demonstration of the abili- 


ties of a quick-charge device from 
Burlington, Ont.-based Norvik Tech- 
nologies, which allowed on-road 
recharging of the nickel-cadmium bat- 
tery pack [“Automotive Newsfront,” 
April]. The pack withstood the strain, 
but several batteries overheated and 
were replaced. 

The Dodge Caravan Electric that 
made the trip is virtually identical to 
the prototype electric vans being pro- 
duced by Chrysler and currently due 
for delivery to a few electric utility 
companies. Chrysler says the vans are 
the first electric vehicles to meet fed- 
eral safety standards. 


OnE-AnM won into a massive aluminum frame alongside the engine, P the sus- 

Workout , pension components free to travel and dampen pavement: : |, 
me : induced motions. Steering inputs from the handlebars ro- HEAD =; 

io sE d D: hard in a bumpy tum < tate the upright, which pivots on ball joints. Sliding 


" is something bikers loathe — : splines inside the steering box allow suspension move- 
E A p = to do for fear of losing the — ment without affecting handlebar height. 
front fio's g gip on the roa. Yan GTS1000, the first mass-production 3 Aft of Parker's creation is a 100-hp version 
motorcycle equipped with a single-sided swingarm front-suspension system, ` of Yamaha's exhilarating one-iter, four- 
gives the cyclist a feeling of improved control during braking ["Best of ; : cylinder engine. Antilock braking com- 
What's New," Dec. '92]. The first thing a rider notices is the small amount = £ pletes the array of advanced technol- j 
of dive, or compression of the front shock absorber, during braking. Aside : ogy that Yamaha has built into this 
from giving the rider feedback, excessive dive merely uses up suspension — . : very fast, stable sport-touring motor- 
travel and serves no useful purpose. The front swingarm's composure under ` cycle. Price: o whopping $13,000. 


k » MARIO FERRO 


these trying conditions is a confidence-inspiring characteristic. | ——Sivart F Brown Ss 
Developed by New Mexico inventor James Parker, the Yamaha's front end : : rs 
divides up the tasks of locating, steering, and suspending the front wheel. — : Massive cast-aluminum upper set lower arms are the má cipit of 
The upper and lower arms and an upright locate the wheel with respect to — the GTS1000 front The spring/shock absorber unit mounts ^ 
s braking forces rearward into the — 


the rest of the motorcycle. Dive is subdued by resolving braking forces rear- . : the lower arm, which 
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HEALTHMAX'" BEATS SOLOFLEX" AND NORDICFLEX ! 
COSTS $700 LESS! 


9 Powerful Reasons to Choose HEALTHMIAX as Your Total-Body Fitness pate. 


NordicFlex| 
Gold 


EC 


A S/H) D — (plus $99 S/H) 


| = assembly/ Requires extensive Requires extensive 
vf YES disassembly required assembly/disassembly X NO = assembly/disassembly 
| between exercises. | between exercises. between exercises. 


Leg Extension Permits both leg extensions Costs | BUT...Leg unit included 


Unit included and lying leg curls. $300 extra. " doesn't permit lying 
| | leg curls. 


BUT... You must assemble 
Butterfly Unit No / before each use, and 
included extra cost. $200 extra. | disassemble to use 


bench press. 


Strength |  HeauraMax strengthens Gaira 
conditioning for | all five: arms, legs, groups. Must purchase pE BUT... why would you pay 
all five major | | abdominals, backand | | additional accessories » $700 more than | 
muscle groups pectorals. to achieve all 5. HEALTHMAX? 


Comfortable Padded bench, afull47" | Padded bench is only | Hard, unpadded 40" bench. 
bench | long, comfortable height. - 407" long, making lying is too short and too high 
| down exercises difficult.| off the ground. 
Hydraulic | Adjusts to your personal Usesrubberbands | Uses awkward, complicated 
cylihder resistance | E resistance level with a which must be changed X NO cord/ pully Imechanical | 
System | simple twist of a dial. to vary resistance level. resistance system. 


Full refund If not satisfied, we will 


| seris niche refund your cost, 
if unit returned shipping/handling charges, 
and all return freight! 


You pay over You pay 
$85 to return. It must go about $27 to return 
by truck to Oregon! 


BUT... You pa BUT... At 4 payments of 
$39 per oan for Uf YES, wo each ee is i 
the next 2 YEARS! most as much as the tota 

cost of a HEALTHMAx'! 


Payable 8 easy installments | 
us, 


in installments of just $37.38! 
($39.00 S/H added to first installment.) 


When you compare, the choice is easy... it's HEALTHMAX ! 


Let's face it, when all is said and done, what you really want is a body like this. Until 
now, that meant spending $1,000 or more for a Soloflex or NordicFlex. But now the 
secret is out... HEAuFHMAX does what the others do — and more— for $700 less! So 
call today to get the hard body you want for just $299. And while you're at it, take 
the $700 you'll save and buy yourself a reward. 


CALL TOLL-FREE FOR A 30-DAY NO-RISK HOME TRIAL: 


1-800-367-4534 «sen» 


NordicFlex is a trademark of NordicTrack, Inc. 
Soloflex is a registered trademark of Soloflex, Inc. 47 EM, ~ia Avenue - EE CT 06857 ©1993 MBI 


HOME 


TECHNOLOGY 


EDITED BY SANDY FRITZ 


SEPTIC TANK 


door area where wastes are supposed 
to be rendered harmless by biological 
action in the soil. Poorly treated urine 
in turn spawns nitrates, a class of wa- 
ter pollutants with a problematic 
affinity for ponds, estuaries, and 
drinking-water supplies. 

A recently imported European tech- 
nology may help sanitize the process. 
The Bioclere, manufactured in Feder- 
al Way, Wash., by 
Ekofinn, Ltd., is a 
device that is placed 
between the septic 
tank and its leaching 
field. It consists of two 
concentric cylinders 
topped by a large fil- 
ter. Liquid effluent 
from the septic tank 
flows into the bottom 
of the inner cylinder 
and then is pumped 
into the large filter 
above it. As the liquid 
trickles down through 
the filter's randomly 
packed plastic pieces, 
aerobic Nitrosomonas 
bacteria living on the 
plastics surface con- 
vert the ammonia into 
nitrates. The liquid 
then drips into the 


MARIO FERRO 


HEATING AND COOLING 
Hor Warer RISING 


uildings fitted with radiators, 
B. whistling, gurgling metal 
W fixtures, have helped give hot-wa- 
ter heat a bad name. But researchers 
at the Electric Power Research Insti- 
tute in Palo Alto, Calif., have rein- 
vented the old system in a way that 
could make water one of the most effi- 
cient ways to heat—or cool—a house. 
The system features a flexible, insu- 
lated cable that runs behind walls and 
houses three smaller cables: The first 
ships hot water from a heat pump to 
heat exchangers placed throughout the 
house. Here, hot water flows through 
coils while a fan blows the heat into the 
room. By running cold water through 
the cable, the system becomes an air 
conditioner. The second cable returns 
water to the heat pump, while the third 
collects condensation related to air-con- 
ditioning and carries it out of the house. 
Tests indicate the system has a 93 to 
98 percent efficiency rating; in compar- 
ison, a typical forced-air duct system 
wastes up to 50 percent of its energy 
before reaching its heating or cooling 
zone. While ideal for new construction, 
the system is also suitable for retrofits. 


: 
: 


e 


outer cylinder where 
anaerobic Nitrobacter 
bacteria transform it 


MM m T EE —Judith Anne Gunther 
To speed the breakdown of urine, aerobic and anaerobic bacteria with a 7 
taste for nitrates are cultivated and housed within a single, compact unit. 


HEAT EXCHANGER 


ENVIRONMENT 
HELP For Septic SYSTEMS 


tional septic systems? They sim- 


T: worst problem facing tradi- 
ply can't handle urine. Ninety 


percent of the ammonia-laden fluid 


into nitrogen gas, a 
harmless ingredient of the air we 
breathe. The gas is then vented to the 
outside air. 

How efficient is the device? Ground- 
water samples taken near a home in 
Cape Cod, Mass., last year revealed 


nitrate concentrations of 80 parts per | 


million. À few months after a Bioclere 


from septic systems typically arrives was installed, the count dropped to Fluid in the heat exchanger cools or heats water. 
untreated at its leaching field, an out- ^ just 13—Charles Wardell The conditioned water is pumped to coil units. 
SOFTWARE the program's plan mode. From there,  mations—often with sound—high- a gazebo, creating a cement walk, 


Deck DESIGN 


ehind the aesthetic considera- 
B of deck design lurks the 

reality of construction. Build 
Your Own Deck, a CADike software 
program from Books That Work of 
Palo Alto, Calif., dispels the mystery 
surrounding deck-building while 
tracking practicalities such as total 
cost, necessary materials, and 
general building codes. 

You start by selecting your deck's di- 

mensions and features—overall size, 
type of railings, number of stairs—in 


40 e POPULAR SCIENCE JUNE 1993 


a three-dimensional view of the fin- 
ished product can be called up on- 
screen. You notch corners or bevel 
edges (no rounding available) to ac- 
commodate irregularities, then watch 
a new rendition of your design untold. 
Each time you change your design, 
the program reconfigures the decking 
support and assembles a list of mate- 
rials needed for the job—tight down 
to the number of nails. 

The novice builder will be comfort- 
ed by the program's multimedia ref- 
erence guide, which breaks down 
each procedure and product needed 
for deck building. Diagrams and ani- 


light the salient points, while "Tips 
from the Pros" offer useful construc- 
fion hints such as using soap to help 
drive in lag screws. 

Build Your Own Deck is the first in 
what its developers hope will be- 
come a series of home-improvement 


programs that could include building 


MASTER CABLE 


installing electrical wiring, and gar- 
dening. A 386 or more powerful PC 
with Windows software and ten 
megabytes of free disk space is 
required. When the software be- 
comes available from Borland this 
summer, it should sell for $80. 
—Suzaünne Kantra 


ELI CES IS 1 Ir Ts RN 


If you have ten megabytes to spare, deck-building can be at your fingertips. 


STEVE STANKIEWICZ 
AG) vise Lust 


WATER HEATERS 
No-Stack Locic 


hen the laws of the land con- 
Wi: with the laws of thermo- 
! dynamics, the result can be 
less-than-optimum efficiency from 
home appliances. But there may be a 
compromise, thanks to a clever pro- 
posal from New York inventor He- 
mant Kale. His design for a water 
heater aims to reduce the "stacking" 
effect inside home water-heater tanks, 
_ acondition that makes water 
gi at the top of the tank 
mh far hotter than the 
— || setting of the low- 
= | mounted thermostat, 
~ | especially after a few 

|| low-volume draws. 
"|| By law, this temper- 
| ature variance can't 
|| exceed 20 degrees, so 
|| water heaters have 
^| long been designed 
— | with a safety margin 
— | to prevent scalding. 
wi | Kale's patent for a 
|] — || coiled dip tube that ex- 
11 —— tends to the bottom of 
the tank (where the 


À spiral design water is heated) helps 
for water keep the temperature 
heater inlet-side more uniform by draw- 
dip tubes ing heat from the top to 
promises to the bottom. 

minimize ther- The result: more hot 
mal stacking. water in a shorter time, 


greater efficiency, and 
longer tank life. The bad news: No man- 
ufacturer has licensed the innovation 
because builders, who buy the bulk of 
new water heaters, want to cut costs. 
—Norman S. Mayersohn 


ENERGY MANAGEMENT 


SCHEDULING YOUR 
ES 


BM single monthly bill for both elec- 
tric and water usage will be 
among the potential short-term 
benefits to customers of utility compa- 
nies adopting a computer data stan- 
dard known as Utility Communications 
Architecture (UCA). Originally devel- 
oped by the Electric Power Research In- 
stitute for electric utilities, this commu- 
nications protocol is now being modified 
to include water utilities. 

UCA-enabled corhmunications will al- 
low real-time access to-rate information, 
so you may find yourself scheduling 
your dishwasher to take advantage of 


 reduced-rate hours.— Suzanne Kantra 


INSULATION. 
WARMER. 


BASEMENTS, 
Quicker ma 


R piion hile spent - 


the last decade coming ` 
up with building materi- 


als to make houses more en- 
ergy-efficient. Their biggest — 
challenge now is what lies 


holo rooi- found. — 


tion, where Substantial heat 
loss can occur, © 

New insulated concrete - 
panel systems and building 


forms are making their way to . 
market, promising not only to — 


keep basements warm and 


dry, but to enable faster instal- 8 


lation——one or two days as 
opposed to the usual four. 
Wiring and plumbing is simpler 
since voids are precast into the 
walls, reducing the need for 
drilling or routing on-site. 


The Ice Block, manufactured 


by W.A.M., Inc. in Maquo- 


keta, lowa, consists of hollow . 
~ Baltimore, Md., are made of 
- à quickset concrete mix of 


eightpound expanded =~ 
polystyrene forms strength- 


| members. The forms are laid: 
. down and stacked, fastened 


r with tongue and 


1 groove edges, and then wired 
with reinforcement bus — 


before concrefe is poured into 


them to provide structure. 
-...Fireretardant, nontoxic poly- 


styrene is the principal insula- 


- fion material, and with the — 
concrete provides an R-value 
of 32. 

The Superior Wall System, 
`- made by Superior Walls of 
me, Lid. acer’ Pa, 


Tensul-Woll building panels, 
from the Industra Corp. in 


: ammonia phosphate liquid 
"together with perlite as the 
- insulating material. The 

-+ company claims an R-value — 
-of 38. The two-foot-by-four- 


foot panels, weighing 100 


-pounds each, can be 
 maneuvered into place by 
-two people. 

-.. The panels are joined with 
- semicircular edges that come - 


together to form circular chan- 


-nels into which concrete is 


poured. The company’s goal 
is to eventually make the 
panels on-site with 
inexpensive molds. 

Panels made by the Home — 
Crafts Corp. of Clarksburg, 
W.Va., consist of concrete 
poured into and around a 5/s- 
inch steel wire cage with two- 
inch-thick fiberglass insulation 


- in the center providing an 


R-value of 19 and a strength 


- of 4,000 psi. The four-foot- 


by-eightfoot panels weigh 
1,900 pounds each and are 
lowered into place by crane 
and welded together from the 


- inside. The weld is then 


covered over with grout. 
— Jerry Shine 


ened with steel cross - 


HEAT PUMPS 


GoiNG MAINSTREAM 


controversial new heat pump 
A inexpensively taps a "free" heat 

source buried beneath most 
homes and offices—the municipal wa- 
ter main. 

The Demarco Energy Miser uses 
drinking water both as an efficient, 
constant-temperature heat source for 
heating and as a heat 
sink for cooling. Two 
simple pipe connections 
hook the pump to a 
nearby main, deliver- 
ing water to the heat 
exchanger and return- 
ing it back to the mu- 
nicipal water distribu- 
tion system. 

With a claimed coeffi- 
cient of performance 
rating of 4.1, a water- 
main heat pump can 
cut heating and cooling 
costs up to 60 percent 
compared with stan- 
dard electric systems, 
explains Richard Jen- 
nings, executive vice 
president of Demarco 


s BRENNING — 


~ magnesium oxide and 


There's just one problem: The 
American Water Works Association 
worries that water-main heat pumps 
could leak potentially dangerous sub- 
stances like oil or lubricants into a 
water supply, or they might increase 
the water temperature, speeding bac- 
terial growth and increasing the 
amount of metal that leaches out of 
pipes. The EPA is planning a four- 
year study of the potential impact. 
—P. J. Skerrett PES 


Energy Systems based The aem constant temperature of city water mains nidis the ther- 


in Austin, Texas. 


mal source for a controversial new heat pump design. 
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-sitter. 


drive is 


Full-time van. Part-time 


apability has a kinder, New this year are option- 


safer, gentler side. al integrated child safety vane: 
meee seats that actually incorpo- | Whats 
Aerostar can haul six kids to rate a 5-point belt system: ! more, Aero- 
MÀ —— Á— sm ig There's a driver air bag to | Star offers 
PERSE CULA, BUN - supplement lap and shoul- b. ; you a host of 
e aE a a IES ala der restraints} Every ^NI — (a amenities in 
capable of providing for the com- outer seat has a 3-point Standard Driver Air Bag+ a comfort- 
fort and — of its wc __ safety belt. Rear anti-lock brakes able interior with available 
i a - BEN x , also come standard. leather seating surfaces. 
And electronic Aerostar from Ford. Designed 


basis m full-time” for your comfort...and peace of 


four-wheel mind. 


AEROSTAR 


*When pr perly equipped. 

**See your dealer for availabil it y di ite. 

T Air bag effectiveness depends on wearing 
your safety belt, so always huckle up. 


Have you driven a Ford...lately? 


ELECTRONICS 


PAGING THe DicERAn 


ou would expect a book subtitled 

A Dictionary of Today's Words to 

bulk up on science and technolo- 
gy. Such is the case with Trash Cash, 
Fizzbos and Flatliners (Houghton Mif- 
flin; $19.95, $8.95 paperback). In it 
the prefix "electronic . . ." forms eight 
new phrases including town hall, 
coupon, price tag, and cadaver. 
There's *digital . . ." broadcasting, 
compression, photography, radio, and 


PET 


JumbeTren noun 

À huge video screen, from 550 square feet to over 4000 
square feet in area, that uses hundreds of TV picture tubes 
to generate a massive picture and is suited to public areas. 


compact cassette as well as “video . . ." 
dial tone, jukebox, and on-demand. 
There's even a newly minted word for 
the kind of people who engage in such 
technobabble: digerati—those "highly 
skilled in the processing and manipu- 
lation of digital information." 

The book's goal is to catalog words 
too fresh to be found in a general dic- 
tionary. It mainly succeeds, particu- 
larly when dealing with usages that 


Couto Become PASSÉ 
"[ hree graduates of t e Mim 
fiA T. i | L 
f Er gine erin hat may be is 
t ultim ate p itch hing niches devic :e for V uldo 
Nolan Ryans. The device, known as | 


Lo E M Ecc A 
is an Socio onic home plate that disc 
| 


| C I I f 
mikaa Cehnal a 
VOUKEE SCNOO! OI 


uilt w 


Ihe Final 


riminates 


| 1 | - r =. I 
T3 E hà "uc rs narar hra nme nea Thr mtem 
[ay Ue L5 U ul CHCE Gevice TOI OCH 
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It 


aren't highly technical, such as 
channel surfing, bird (telecom- 
munications satellite), feevee 
(pay TV), and TAFY (technically 
advanced family) But when it 
tackles computing, the com- 
pendium becomes a real flatlin- 
er (a product dead on arrival). It 
incorrectly defines “expanded 
memory" and misidentifies an Apple- 
IBM venture. This is not the glossary 
to pick up next time you read a com- 
puter magazine. 

Among the 1,200 words, phrases, 
and TLAs (three-letter acronyms) cov- 
ered, technology shares space with 
street lingo, surfer talk, and bias-free 
jargon. (Thus, “cerebrally challenged" 
is preferable to *slow-learning.") You'll 
also encounter new names for old 
cities in the former Soviet Union, of 
which there are too many. There are a 
variety of politically correct modifiers, 
such as “dolphin-safe” (as in canned 
tuna). It's safe to say that "dolphin- 
safe" is not a bias-free term. 

“Politically correct," mercifully, is 
not one of the terms cited—nor are ac- 
tivities that modify the word *mode" 
(as in ^work-mode"). 

Written by Sid Lerner and Gary 
Belkin and the editors of the Ameri- 
can Heritage Dictionaries, the book 
will cost you more than trash cash 
(discarded leaflets that look like cur- 
rency). Fizzbos, incidentally, comes 
from a corruption of the phrase For 
Sale By Occupant (FSBO), meant as a 
put-down by spurned real estate 
agents. In contrast, terms about tech- 
nology rarely stem from spite. The di- 
gerati are just too fax happy. 
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: If the ball passes through the light beams, The 


Final Call judges the pitch as good. 


JACK HARRIS / VISUAL LOGIC 


A conceptual model of Bill Gates’ gallery was rendered on 
My House, a program by DesignWare 


t Watertown, Mass. 


i 


Wau Or 
A THOUSAND FACES 


hen America’s richest man, 
Bill Gates, moves into his $25 
million estate in suburban 
Seattle, the pictures on the walls will 
change at the press of a button. The 
canvases are actually high-resolution, 
flat-screen liquid-crystal displays. 
Gates already has one of his compa- 
nies, Continuum Productions Corp., 
building a database of digital art by 
buying up digital rights to artwork. 

The electronic gallery in Gates' 
dream house will be used as a test bed 
for Continuum to see how digital art is 
best appreciated in the home. Eventu- 
ally, it won't be farfetched to say, "I 
really don't think the Mona Lisa looks 
appropriate over the mantel. Let's try 
one of Van Gogh's sunflower series." 
The Continuum foresees distributing 
art via cable TV, phone, or CD-ROM. 
In one scenario, instead of ordering a 
pay-per-view movie, you would dial up 
a Monet. The frame could be switched 
just as easily. So, upon ditching the 
Rembrandt for something postmod- 
ern, you might also go for a chrome- 
like border.—Suzanne Kantra 
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ELECTRONICS 


| 


VIDEO 
MEETINGS 


SENDING COLOR 
PICTURES Bv 
PHONE 


icasso, a stil-image tele- 
pi». from AT&T Image 

Solutions of Piscataway, 
N.J., transfers a TV-quality color 
still picture over a standard 
phone line while you simulta- 
neously carry on a converso- 
tion. The built-in speaker phone 
enables small groups of people 
in distant locations to discuss 
the images as they 


building plans. An advertising 
agency could even present a 
sequence of sketches or pho- 
tographs remotely to a client. 

Picasso uses the Joint Pho- 
tography Experts Group (JPEG) 
compression standard and 
AT&T digital signal processors 
(DSPs) to capture, send, and 
display broadcast-standard im- 
ages. Up to 32 images can be 
stored for later retrieval. De- 
pending on image complexity, 
a transfer takes from 5 to 40 
seconds. 

The telephone, which looks 
like a fax machine, costs about 
$3,000 and requires a 


AT&T's Picasso sends, re- 


ceives, and stores still TV im- 


ages. The map was captured 
with a video camera. 


From Compression Labs, in San 
Jose, Calif., Eclipse includes a 
monitor and camera and fits on 
a rolling cart. It features pic- 
fure-in-picture images so view- 
ers can examine a drawing, for 
example, while watching the 


view them together. 
Thus, physicians might 
confer over X-rays; law EET | 
enforcement agents, fin- [PAN 2! 
gerprints; and architects, B |^. 


TV monitor and video 
camera at each loca- 
tion. It can also send 
images from a Kodak 
Photo CD player. 
While Picasso han- 


speaker explain the details of 
that drawing. Depending on 
the model, Eclipse costs from 
$14,900 to $19,900 per site. 
Unlike Picasso, however, the 
system requires two Integrated 


The Eclipse system ; dles only still pictures, Services Digital Network (ISDN) 
includes an auto focus the Eclipse videocon- ^ lines or other kind of digital 
camera above the ferencing system trans- line. Both Picasso and Eclipse 
monitor and roll- mits motion as well ^ use remote controls to simplify 
about cart. as still images. operation. 


HOME VIDEO 
Make Room For Pop 


f you think picture-in-picture (PIP) 

takes too much of a bite out of the 

main screen image, some manufac- 
turers agree. Several are introducing 
projection systems or big tubes that si- 
multaneously display smaller pictures 
along the side of the screen. The new 
layout, called picture-outside-picture 
(POP), lets you watch two programs 
simultaneously just like PIP. But with 
POP, the main image is not obscured 
in any way. 

Today's wide-screen television sets 
have a 16:9 aspect ratio (width to 
height) instead of the conventional 4:3 
ratio [“Wide-Screen Video,” Nov. '92]. 
The wider screens are de- 
signed to mimic movies, 
which are filmed in the 
16:9 format. Laser discs 
and videotape companies 
offer 16:9 movies, and 
eventually wide-screen 
televisions should sup- 
port high-definition tele- 
vision (HDTV). 

Over-the-air broad- 
casts, however, are not 
currently formatted for 
wider screens. The extra 
width on the screen is in- 
stead filled in with black 
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bands, which is where POPs stake 
their claim. POPs, like PIPs, are made 
possible by twin tuners, and the 
source can be another television chan- 
nel, a videocassette, or a laser disc. 

On Panasonic's wide-screen 50-inch 
PT-50WXF5 projection television (be- 
low), the primary image is shifted to 
the left-hand side of the screen and a 
ten-inch-diagonal POP is inserted off 
to the side in the right margin. A 
“channel search" feature digitally 
stores still pictures from two addition- 
al channels so that up to three POPs 
can be viewed simultaneously. 

Philips Consumer Electronics will 
introduce a 34-inch 34P560-C101 di- 
rect-view wide-screen set later this 
year, which will also incorporate the 
POP feature.—Marcelle M. Soviero 
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Panasonic's PT- 50WXF5 shows three Uu i POPs to the right 
of the main image. Only one POP is live. 


CARRYON DEVICES 


PILOTS Are LEERY 
AnBour TRAVELERS" GEAR 


Bin a scene destined for the movies, a 
[5 Dennis-the-Menace 
seated aboard a plane punches but- 
tons on a hand-held video game. Dodg- 
ing asteroids, he steers a space fighter 
into combat. But as he veers to the 
right, the airliner also banks right. 
Passengers scream. Pilots panic. 

Science fiction? Perhaps not. During 
the last seven years, pilots have re- 
ported more than 20 incidents of inter- 
ference with their instruments that 
they attribute to electronic gear oper- 
ated by passengers. For example, a 
Boeing 747 allegedly rocked from side 
to side until two laptop computers 
were turned off. In another incident, 
two Nintendo Gameboy machines 
were cited as interfering with the au- 
tomatic direction finder of a McDon- 
nell Douglas DC-10. And in a report 
this year, a DC-10 may have had trou- 
ble landing until a passenger switched 
off his compact disc player. None of 
these incidents resulted in injuries. 

A spokesman for the Electronics In- 
dustries Association denies that CD 
players, laptops, or video games cause 
interference. "To ban them is absurd. 
Flying isn't fun for most people. They 
want to make the time useful." 

Pilots are concerned over interfer- 
ence with the VOR (visual omni- 
range) network—directional beacons 
that crisscross the country and oper- 
ate between 108 and 118 megahertz. 
Northwest Airlines has announced the 
strictest rules so far. It requires that 
all electronic devices be stowed during 
takeoff and landing. Above 10,000 
feet, calculators, computers without 
peripherals, tape players, and games 
will be permitted. Gadgets that can't 
be used are personal phones, remote- 
controlled toys, and CD players. 

Richard Engelman, an engineer at 
the Federal Communications Commis- 
sion, discounts a threat to safety 
caused by the large majority of carryon 
devices. "We're not aware of significant 
instances of interference," he says. 

The Radio Technical Commission 
for Aeronautics (RTCA), a federal ad- 
visory committee to the Federal Avia- 
tion Administration, has begun a 
study to see if an interference problem 
exists with personal stereo devices, 
electronic games, and laptop comput- 
ers. Says David Watrous, RTCA’s pres- 
ident, “While the probability of inter- 
ference is extremely low, there is a 
potential considering the variety and 
quantity of devices out there. All we 
have is anecdotal information." 


DMD P wEDPRGLD 
BOB LANGE 


VIEWING VOLCANOES 
FROM A SAFE PERCH 


The camera is mounted beneath an un- 
manned mini-helicopter and is meant to 
fly over hazardous or inaccessible sites. 


[Y ospite the danger, volcanos attract 
i J broadcasters and sclentists in droves. 
antl n1991, ac : NHK 
public broadcastin epee died in in a sudden 
eruption while 1 fln ing an active volcano in 
southern Japon. Then, early this year a 
group of foreign scientist: s collecting gas 
samples inside a crater of a volcano in 
Colombia were killed when the volcano 
erupted. o ai the perils from future 
close encounters, engineers at NHK recently 
pre the wraps off c 1 flying camera. 

It takes two people to operate the drone 

iini-helicopter and camera: one to handle 

e flight controls and watch the flying mo- 
hine another to pan, tilt, and zoom the 
ca ie while viewing the picture on a mon- 
itor. The chopper was previously used for 
CT op: dustin I]. 

A major challenge was developing a cam- 
era control system with a gyroscope and 
th Yee servo i otors that automatically COIT 
pensate for the yaw, pitch, and roll of the 
helicopter. Special rubber mounts insulate 
the camera trom 90 percent of the engine 
and rotor vibrations. 

Thoug gh the | helico pter, made by Yamaha 
y Aotor Co., is TL ) feet long, it weighs only 
9 ee and can easily be moved on a 
dc dct to a remote location. “If was 
primarily adapted to capture unusual cam- 
era shots,” says Kenji Yanai, one of the en- 

gineers who worked on the project. The 
payoff will come when camera crews are 
kept out of dangerous situations—and get 
their pictures, too.—-Üennis Normile 


It's the world's first combination analog chronograph 
and world timer. Introducing the TECHGEAR™ 
World Time Chronograph from Pulsar. 


An indispensable boon to any traveler, this fully functional chronograph 
also gives you the time for cities in 24 time zones, a 24-hour alarm, and it's 
water resistant to 100 meters (330 feet). It could well be the most trusted 
companion you've ever traveled with, at a price that's easy ta live with. 


PULSAR 
TECH GEAR 


WORLD TIME 
CHRONOGRAPH 


Mode! shown: PWROO2. See the entire TECHGEAR™ collection priced from $75-$300. 


While evervone else 1 is still 


In 1989, police began traffic monitoring on the 
Ka frequency using photo radar. BEL was first 
to offer the consumer photo radar protection. 
In 1991, the Stalker gun expanded the 
Wideband Ka frequency — 34.2 to 35.2 GHz. 
Once again BEL was first with Wideband Ka 
protection. 

Now, the new MPH BEE 36A gun employs 
the entire 2.6 GHz bandwidth allotted for 
police traffic monitoring (33.4 to 36.0 GHz). 
This extended bandwidth is called Super 
Wideband Ka. And BEL is the first to offer total 
Super Wideband Ka detection. 


Wideband Ka vs. Super Wideband Ka 
Dont be misled by other manufacturers 
Wideband Ka detectors. They dont detect 
Super Wideband Ka. BEL 625 is the first radar 


detector capable of detecting the entire 2.6 GHz 
Super Wideband Ka bandwidth. 


Super Wideband Ka Technology 
(GHz) 33.4 34.0 34.5 35.0 35.5 36.0 


Super Wideband Ka 


(1993) 33.4 to 36.0 GHz 


Wideband Ka 
(1991) 34.2 to 35.2 GHz 


Photo Hadar 
(1989) 34.3 GHz 


BELS Super Wideband Ka covers the entire 
Ka bandwidth allotted for police monitoring 
(33.4 to 36.0 GHz) 


Model 625 
Super Wideband Ka 


BEL brings dual patented FMT” (Fundamental 
Mixer Technology) to this new Super 
Wideband Ka series. Because other manufactur- 
ers use a harmonic technique to detect K and 
Ka bands, their sensitivity is eroded as the radar 
frequency is extended. FMT® views each band 
separately, providing optimum sensitivity in 
detecting X, K and Super Wideband Ka — it’s 
just like having three radar detectors in one! 


The Technology Leader 
Look before you buy. Not all radar detectors are 
created equal. BEL has been recognized as “an 
engineering powerhouse’ by a leading industry 
publication, and for over 25 years BEL has 
meant innovation. That's why BEL 625 is the 
only choice in Super Wideband Ka detection. 
BELs industry leading X, K and Super 
Wideband Ka protection can be yours for only 
$299.95. To order or for the name of a dealer 
near you, call toll-free: 


1-800-341-1401 USA 
1-800-268-3994 Canada 


BEL-TROSICS 
LIMITED 
1947.1997 


Z5 


BE I 
BEL-TRONICS LIMITED TA 


Electronic 


The Intelligent Choice lona 


( Registered trademark of BEL-TRONICS LIMITED 
Protected under US and foreign patents. Other patents pending 625PS 
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OFTWARE 


EDITED BY CHRIS O'MALLEY 


The artificial neurons of the Ni1000 chip (bottom) simulate the 
pattern-recognition capabilities of biological neurons (top). 


INTEGRATED CIRCUITS 
STE EIE, 


o computer can match the pro- 
cessing power of the human 
brain, but Intel Corp. and 
Nestor Inc. believe they’ ve come much 
closer to that human ideal with a 
more advanced "neural network" chip 
they recently delivered to the govern- 
ments Defense Advanced Research 
Projects Agency, or DARPA. 

The new chip, called the Ni1000, 
has 1,024 artificial neurons. Thats 
puny compared with the more than 
100 billion neurons typical of a hu- 
man brain. But with much fewer neu- 
rons, those 1,024 stand-ins can oper- 
ate roughly 10,000 times faster than 
their biological equivalents, using 
electrons to transmit information in- 
stead of the sodium and potassium 
ions required by the human brain. 

Like the brain, the N11000 “learns” 
and is particularly adept at pattern 
recognition, recognizing objects and 
shapes among the millions of bits of 
data that pass through it. That makes 
the Nil000 well-suited for applica- 
tions such as military target recogni- 
tion, collision avoidance systems, and 
forms processing. Nestor Inc., the 
Providence, R.I., company that wrote 
the chip's built-in software, estimates 
that the Ni1000 could improve the 


character-recognition capabilities of 
computers by three orders of magni- 
tude, from 10 to 10,000 characters per 
second. 

Later this year, Intel says the 
Ni1000 should be available on add-in 
boards for PCs that use its 486 or Pen- 
tium microprocessors. Such additions 
may cost as much as the PC itself, 
however.—Sandy Reed 


OPTICAL 
TECHNOLOGY 


he red laser beams in- 
T laser printers, op- 
tical disc drives, fac- 
simile machines, and other 
devices could soon be turn- 
ing blue. After years of re- 
search, semiconductor 
lasers and light-emitting 
diodes (LEDs) that operate 
at more efficient blue 
wavelengths are finally 
nearing commercialization. 
Blue light has a much 
shorter wavelength than 
red lasers, which are also found in to- 
day's CD players and CD-ROM drives. 
So a blue laser can perform more deli- 
cate tasks than a red laser, rendering 
higher-resolution printouts and faxes, 
for example, and storing up to four 
times more data on a disc. Copiers 
and scanners also stand to improve 
with blue lasers or LEDs, as do a vari- 
ety of medical instruments. 
separate efforts by IBM and scien- 
tists from Purdue and Brown univer- 
sities are spearheading the drive into 


LAURA DUPREY 


using blue-light devices. IBM and Co- 


WE. 


PicoPower's 
“controller” 
chip skimps on 
electricity. 


p ortable computer users may soon reap an extra hour or two of battery life, 


On-Line SERVICES 


COMPUSERVE 
Gets A Face-Lirt 


Ns to its extensive lineup of dato- 
bases, CompuServe is now the exclu- 
sive provider of Knowledge Index, the 
after-hours version of the Dialog research 
service. Knowledge Index databases include 
the complete text of more than 120 news- 
papers and journals and are available 
evenings and weekends. The cost is 40 
cents per minute. 

CompuServe has also updated its soft- 
ware and pricing plans. The CompuServe In- 
formation Manager program, which makes 
the service easier to use, is available in a 
Windows version. Under a new standard 
pricing plan, a flat monthly fee of $8.95 
gives members unlimited access to 36 ba- 
sic services. Other services are charged at 
$8 (2400 bits per second) and $16 
(9600 bps) per hour, down from $12.80 
and ms 80 sain 
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herent Inc. of Palo Alto, Calif., recent- 
ly agreed to work together to begin 
putting IBM's blue-diode laser tech- 
nology into marketable products. A 
few weeks earlier, Dr. Robert Gunshor 
of Purdue and Dr. Art Nurmikko of 
Brown applied for patents on their 
work with blue-diode lasers and blue- 
light LEDs, as well as multicolor LEDs. 


—Suzanne Kantra 


thanks to a pair of innovative “controller” chips from PicoPower 
Technology of San Jose, Calif. 
PicoPower's PT86C168 and PT86C268 chips power down a notebook's main 
microprocessors between keystrokes, 
They also manage the electricity used by floppy-disk drives, modems, and other 


hard-disk accesses, and screen redraws. 


components. Ordinarily, these kinds of power-saving measures are imposed by 
less efficient software settings, which put the computer into “sleep” mode only when it's idle. Con- 
troller chips can actively manage power use even as the computer is being used. 

For notebook users, that can mean an additional hour or more of battery life. PicoPower says its 
chips can also reduce the level of heat generated by the main processor and actually improve its per- 
formance a bit. The chips may also find their way into desktop systems. The company claims the 
controller chips can cut the cost of operating a desktop PC from an average of $105 a year to as lit- 
tle as $2, since PCs that use the chips draw less electricity and do not require heat-dissipating fans. 

PicoPower's chips work with 386 and 486 processors, as well as Intel's new Pentium processor. 
More than 30 manufacturers are working on systems using the PicoPower chips.—S. R. 
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COMPUTERS (S7 SOFTWARE 


pple Computer's long: 
awaited Newton finally 
l Wappeaors ready to fall from 
te tree. The company 
demonstrated a neartinal 
prototype for POPULAR SCIENCI 
recently and said its "personal 
digital assistant" (or PDA) 
device should be available 
sometime this summer for 


"well below $1,000,” 


i 


Newton, first shown about a 
year ago ["Your World Accord- 
ing to Newton," Sept. '92], is 
o paperback-size computer 
with a small LCD, but no key- 
board. The first Newton model 
is expected to employ a solid- 
state "flash" memory card for 
storage and an internal modem 
for sending data and faxes 


—though both may be option- 


al. At our preview, Newton corr 
verted cursive handwriting to 
text and a hand-scrawled arrow 
to a neatly drawn graphic. You 
can jot handwritten notes on 
the screen in what an Apple 
product manager called "an in- 
finite roll of paper.” 

Among the soft- 
ware that will be 
available for New- 
ton is Docker, a 
personal organizer 
ond file-transfer 
utility developed 
by Traveling Soft- 


ware. Docker will also be avail- 
able for desktop PCs, enabling 
you to swap information with a 
Macintosh or systems running 
DOS or Windows. Several 
more advanced Newton mod- 
els will be available within a 
year after the initial version, ac 
cording to Apple, and kits for 
upgrading early Newtons will 

be offered. 

Newton will hardly be alone, 
however: Intel Corp. and Mi- 
crosoft have jumped on the 
PDA bandwagon. The hardware 
and software giants are collab- 
orating on a “kit,” dubbed 
WinPad, that enables computer 
makers to quickly produce one- 
pound, pen-based systems that 
use an Intel 386SL micropro- 
cessor and run a scaled-back 
version of Microsoft's Windows 
interface. Apple, meanwhile, is 
licensing its Newton technology 
to other companies. 


AA; wal Antanai 
‘Michael Antonoti 


Apple’s Newton “personal digital assistant” is 
slated to make its debut this summer, 


THE TANDY 100 
Turns 10 


andy's Model 100 portable com- 

puter was that rare pioneer— 

successful in its day, yet clear- 
ly ahead of its time. 
The original 
Model 100 had | 
a 40-character 
by 8-line liquid- 
crystal display, 8 
kilobytes of mem- | 
ory, five built-in ' 
programs, a 300- | 
bits-per-second mo- 
dem, and a full-size | 
keyboard. The $799 | 
portable weighed less | 
than four pounds and 
ran for up to 20 hours on four AA 
batteries. By contrast, today's 
portable computers have much larg- 
er LCD screens, but typically cost 
$2,000 or more and run for only two 
to three hours on one charge. Now 
marking its 10th anniversary, the 
Model 100 has clearly earned a place 
in PC history. 


Lots of plu 


This one 


©1993 Robert Bosch Corporation, Sales Group. The Bosch name and symbol are registered trademarks. 


Visio uses stencils to help even the least artistic 
users create floor plans, flowcharts, and other 
types of mechanical drawings. 
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DRAWING TOOLS 
For THe Rest Or Us 


or all of their neat tricks, drawing 
Fe have done little to help 
nonartists produce routine graph- 
ics such as flowcharts, block dia- 
grams, and floor plans. But several 
new drawing programs for the Win- 
dows environment are breaking down 
those artistic barriers. 
Visio, from Seattle-based Shape- 
ware Corp., may be the archetype of 
this new breed of drawing tools. 


TAKING THe Mice Bv Force 


n yet another attempt to reinvent the mouse, a patented technology 
called the force-sensing resistor is bringing a tactile dimension to com- 


puter input devices. 


Originally conceived for use with electronic musical products such as 
electronic keyboards, the force-sensing resistor, or FSR, consists of two 
thin substrate layers. The top layer is a conductive material that sup- 
ports a grid of electrodes while the bottom layer contains semiconduc- 
tive polymers. The combination produces an open circuit; when pres- 
sure is applied to the surface—tby a finger or pen, for example—the 
increased pressure causes increased shunting of the conductive layer 
and ultimately a decrease in FSR resistance. In plain English, that 
means the resistor can precisely interpret both the position and magni- 


tude of the force being applied. 


Interlink Electronics of Carpinteria, Calit., the company that developed 
; inches) resistors in two pointing de- 
vices for computers. PortaPoint is a tiny touch pad for portable comput- 
ers, while DuraPoint is a sealed pointer for harsh environments. 


FSR, now uses the tiny ('/s by '/ 


Rather than emphasizing free-form 
sketching, Visio provides predrawn 
stencils of shapes for creating specific 
types of graphics, such as area maps 
and organizational charts. To create a 
drawing, you “drag and drop" these 
stencils onto your page. Once there, 
the shapes can be easily connected 
and edited to suit your purposes. Ín 
fact, each one of the so-called Smart- 


Force-senalifes resistors 
give Interlink’s new 
DuraPoint (top) and 
PortaPoint pointing 
devices a unique feel. 


Shapes is tied to a spreadsheet of op- 
tions defining its geometry and “be- 
havior” in different contexts. 

Several other recently introduced 
Windows drawing packages, including 
Aldus Corp.’s IntelliDraw and Micro- 
grafx Inc.’s Windows Draw 3.0, also 
have features designed to streamline 
the creative process for people without 
an artistic bent. 


When Bosch Platinum was first 
introduced, it revolutionized the 
entire spark plug industry. 

It’s still the only spark plug of its 
+ kind with a 99.9% pure platinum 
S—P——*.. center electrode engineered into a 
Boch Platinums tenb unique extended insulator design. 
platinum center electrode, not — The results are quicker starts, 

P rE alas "Were smoother acceleration and improved 
yout fel te diene fuel efficiency. That’s why we say if 
you don't feel the difference Bosch Platinum makes 
in your car, we'll pay for the plugs. 

And right now when you buy a set of Bosch Platinums 
at a participating retailer, you 
can get a 25€ rebate per plug 
and a chance to win one of ten 
free trips to the Bob Bondurant 
School of High Performance 
Driving. See store for complete 9^  : " 
details. So get a set of Bosch Platinum Spark Plugs. 
It could revolutionize the way your car performs. 


irr SP 


start a car. 
revolution. 


The Ultimate Spark Plug - 


For the Bosch retailer nearest you, 
| call 1-800-882-8101. 


cde 


Now you can have complete weather 

information literally at your fingertips with the | 
Weather Monitor Il. Sophisticated in design, 
yet easy to operate, it's as miraculous as the 
weather itself. 


FEATURES INCLUDE: 
inside & Outside Temps 
e Wind Speed & Direction 
eInside Humidity 

«Time & Date 
e Barometer 
«Wind Chill 
«Alarms 


Werner Moviror TH 


THE PROFESSIONAL 
HOME WEATHER STATION 


Order today:1-800-678-3669 « PS630X 
M-F 7 a.m: to 5:30 p.m. Pacific Time * FAX 1-510-670-0589 
MIC and VISA + One-year warranty * 30-day money-back guarantee 


| Ir Hs INT RUMENTS 3465 Diasto Ave., HAYWARD, CA 94545 


eHighs & Lows 
«Instant Metric 
Conversions 
* Outside Humidity 
& Dew Point Option 
eRainfall Option 
«Optional PC 
pe Intertace 


Is Voun DRIVEWAY 
CRACKING Vou UP? 


How to $ave on 
HOME DRIVEWAY 


Installation and Repair 
]st ever complete how-to-do-it driveway book 
with a step-by-step illustrated guide! 

e Complete instructions for maintaining or 
installing asphalt or concrete driveways that 
enhance the Value of Your Home! 

® Tools and materials needed for a profes- 
sional-looking job. 

* Over 50 illustrations, 112 pages, to guide 
the handyman or Conector 

e What to ti | 


Driveways and sidewalks are your 
3rd largest home repair expense! 


Send $12.95 (Includes S/H) 
Allow 4-6 weeks for delivery. 


Family Originals, Inc., Box 250, 
13956 Cedar Rd., University Heights, 
OH 44118 (216) 321-9441 
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from the office; 


W: 


to travel locally—so-called Corridor Cruisers 
Bosses, Collaborators, and Hermits- 


SIMULATIONS 


WirHouT A CAMERA 


astman Kodak has introduced a 
Rose crash course, 

called PC Photographer, designed 
to teach photographic neophytes how 
to best operate a manual or semiauto- 
matic 35mm camera. The $60 pro- 
gram for IBM-compatible PCs mimics 
the viewfinder of a sophisticated 
35mm camera. All of the controls nor- 
mally available on a real single-lens- 
reflex (SLR) camera are depicted on- 
screen, including film speed setting, 
shutter speed, and aperture settings, 
plus several focus adjustments and 
lens selections. 

One of 18 computer-generated im- 
ages serves as the photo subject. In- 
stead of waiting for film to be devel- 
oped conventionally, PC Photographer 
flashes immediate visual feedback 
about whether your choices have im- 
proved or worsened the simulated pic- 
ture.—Daniel Grotta 


DRAWING TooLs 


A New Look Anp FEEL 
For Dicmizinc TABLETS 


architects, and others use to get 

hand-drawn images into PCs 
have never felt as natural as sketch- 
ing on paper. But a pair of ground- 
breaking digitizers could open a new 
chapter for electronic tablets. 


T: digitizing tablets that artists, 


hile nearly 75 esi fide cdi ( 

fewer than a third of those 27 million peop 

“Globetrotters” or highway-bound “Road Warriors” who are often said to epitomize the 

portable-office set, according to a recent study by BIS Strategic Researd 
Cruisers, Solo Practitioners, Corporate. Wanderers, Small Site 

| i " nt for most of the mobility among sse ie " 

much of the demand for portable computers, printers, enpitizis, nd 1d oiher devices,- E 


HAYES COHEN 


nadila, diss some ES idi is ud away 
are the frequentlyer 


, Instead, workers who tend 


Wacom Technology Corp. of Vancou- 
ver, Wash., has introduced a digitizing 
tablet called the PL-100V ($1,800) 
that replaces the traditional drawing 
pad—a sensor board with thousands 
of tiny crisscrossed wires that react to 
a special pen—with an LCD panel, 
similar to those used with portable 
PCs. The VGA-resolution LCD screen 
displays a monochrome version of the 
image you're drawing, which simulta- 
neously appears on a PC's monitor. 
This approach more closely resembles 
drawing on paper and does not de- 
mand the kind of hand-eye coordina- 
tion that conventional digitizers do. 

Kurta Corp. of Phoenix, Ariz., 
meanwhile, has unveiled a new pres- 
sure-sensitive tablet called the 
XGT/ADB ($595) that supports higher 
resolutions (1,270 to 2,540 lines per 
inch) and a cordless pen. The tablet 
supports 256 levels of sensitivity that 
can be set by the user, giving draw- 
ings a paperlike texture. Previously, 
tablets had few, if any, sensitivity lev- 
els.—D. G. 


Wacom’s PL-100V digitizer uses a liquid-crystal 
display so drawings appear simultaneously on 
the tablet and PC monitor. 


INTERFACES 
Hoip THAT THOUGHT: 
IMunNnDs 


omeday, the latest wave in computers 
NA be brain waves. In separate pro- 

jects, computer scientists in both the 
United States and Japan are investigating 
what many coll the ultimate interface be- 
tween man and machine: human thought. 

In the United States, researchers are using 
several approaches to developing thought- 
controlled computers. At the New York state 
Department of Health in Albany, researchers 
are “training” users to emit brain signals 
that tell a computer to move a cursor around 
the screen. Pyschologists at the University of 
Illinois have developed a kind of mind-con- 
trolled typewriter, enabling people to type 
by spelling out words in their minds (though 
very slowly). And in yet another experiment 
at the Smith-Kettlewell Eye Research Insti- 
tute in San Frandsco, researchers are using 
electrical signals from an electroencephalo- 
gram in which electrodes are attached to the 
scalp, to tell where a person is looking on a 
computer screen. 

In Japan, a joint group of researchers 
from Fujitsu Ltd. and Hokkaido University in 
Atsugi are focusing on the region of the hu- 
man brain that generates “silent 
speech”—or the conception of a syllable 
before it is actually voiced. To track the 
brain waves to the silent speech center at 
the front of the brain, the heads of test sub- 
jects are fitted with 12 electrodes. In a re- 
cent demonstration, researchers were able 
to determine accurately when test subjects 
thought the sound "ah" in response to a 
randomly flashed light. The next step is a 
series of experiments to see if they can dis- 
tinguish between a silent “yes” and “no” 
using a more sensitive superconducting 
quantum interference device, or SQUID, to 
track brain waves. 

The key to all of these efforts is the fact 
that the human brain emits electrical signals 
in varying voltages just before an action is 
performed. Computer scientists attempt to 
perceive patterns in these signals and 
match them with specific actions. In many 
cases, that requires training users to chan- 
nel or control their thoughts as well. How 
for any measuring device can probe into the 
complex mental map of the brain, and how 
much control we can exert over the way we 
think, remain daunting mysteries, however. 

Eventually, these experiments could lead 
to a general-purpose interface that supple- 
ments, or even replaces, keyboards and 
speech-recognition systems. But researchers 
warn that a true mind-control computer 
may be decades away.—Dennis Normile 
and Patricia Barnes-Svarney 
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OFF 
When you 
buy both! 


Save nearly E 
$80.00 


The Total Package 
The best radar and laser protection — at a special price. 


Order both a Passport 1000 Laser and a 
Passport 3200 WideBand and take nearly $80 
off the total purchase price! 

For a limited time, you can have both detec- 
tors for only $238.40! That's less than others 
charge for a wide-band detector alone. 

Passport 3200 WideBand detects every type 
of radar currently in use today. Passport 1000 
Laser detects the very latest laser technology. 

Use them together for complete radar and laser ESCORT 
protection. | > Department 501663 

Both detectors come with a 30-day money 5200 Fields-Ertel Road 
back guarantee and a one-year limited warranty. Cincinnati, Ohio 45249 
Order complete protection today. 


1-800-433-3487 


Detector prices when sold individually: 
Passport 1000 Laser $99; Passport 3200 WideBand $199 


Buy both detectors for only $238.50 
plus shipping & handling. Ohio res. add 6% tax. 


For discounts and more, ask about our EscortPlus Clube" 


&$ 
The Innovative Edge" 


ESCORT products are designed and manufactured in the USA. 


| Now You Can Afford 
Night Vision! 
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Starlight Night Vision 


* Razor sharp viewing in almost 
no ambient light 
* Save thousands over comparable 


domestic models X "d 
* Night Vision as low as $333! Vet 
(suggested list price) MPN 1500™ Scope 
+ 1,500 X light amplification 
* 2.3 X image magnification 


* Lightweight, with convenient pistol grip 


MPN 40K™ Binocular 

* 40,000 X light amplification 

* Brilliant optics with 3.2 X image 
magnification 

* Great for extreme conditions 


MPN 60K™ Scope 

. 60,000 X light amplification 

* Russian Ill generation technology 

* 5.2 X image magnification 

* Excellent for use with 35mm and 
video cameras 


Call for a dealer near you and information 
on our complete product line. 


(Dealer inquiries welcome.) 10211 Pacific Mesa Blvd. 
San Diego, CA 92121 || 

Tel: 619.625.0300 Mii | 
Fax: 619.625.0199 PRODUCTS 
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— The 1993 
Skylark Custom. 


We gave it a sleek 
aerodynamic shape, 
expressive design details, 
and a very attractive price. 

The Skylark Custom is 
our most affordable Buick 
for 1993. So it’s a wonderful 
way to introduce yourself 
to Buick quality. Like all 


Buicks, it's equipped with 
an impressive list of features 
including DynaRide® 
suspension, automatic 
transmission, power door 
locks, stainless steel exhaust, 
and even anti-lock brakes. 
All standard. 

For more information, call 
1-800-4A-BUICK. Or see your 
Buick dealer and test-drive a 


new Skylark Custom today. 


AESA Ls 
oe 


Either way, you'll discover 
a car whose qualities are 


very attractive indeed. 


gm | Buckle up, America! 
(©1992 GM Corp. All rights reserved. 
Skylark is a registered trademark of GM Corp. 


BUICK 


The New Symbol For Quality 
In America. 


"Wy TI 
+ k b go g 


L* "a i 
Lu PLI » 
j i à pe = 
ae fy” ye. le 
às Em : 
t 


T ly 4 4 
- "os Be el 


Hiram A nr 
b Tomdi M. 
L^. Ps a a 


2 
=% 
Et 
= 
ba 
i 


À summer place with charm, 
style and grace. 


The pavilion's main 
room is the gazebo 
—an airy sunfilled 
space which is 
perfect for relaxing 
and entertaining. 
It’s shown in the 
photo above and at 
the right in the 
blueprints, 
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he backyard pavilion we began barbecue-kitchen and bath-cabana makes fixed canvas awnings let us leave the 
building on these pages last month the outdoors a lot easier to live with. With doors open wide in sun or rain. 
is now complete, and as the its large, screened windows and spacious, 
weather warms it has already rustic interior, it's a perfect setting for lazy FINDING THE RIGHT PATH 
become the most-used "room" of afternoons out of the sun or evening get- When we began our project, we knew 
our house. Everyone likes to be togethers for music and dining. Double we would need to construct a path across 
outdoors in the summertime, and French doors across the front give the the yard from the house to the pavilion, 
this combination garden-gazebo, gazebo an elegant openness, and the but were undecided about the type of 
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GOODYEAR WRANGLER GS-A “TRIPLE TRACTION" TREAD 


DESIGN MEANS QUIET CONFIDENCE ON THE ROAD AND OFF THE ROAD. 
Wrangler GS-A with "Triple Traction" gives you three distinct treads in one 
all-surface radial. 

E Inside tread area for rugged off-road traction. 

lil Center tread area for outstanding wet traction. 


ll Condensed outside tread area for quiet 


highway traction. 


AND GRIT. 


Wrangler GS-A with “Triple Traction” delivers 
exceptional wet weather grip on the road, 
off the road in the sand, mud or slush. 


ie gia | 3 eA LU A 


ONLY FROM GOODYEAR. 


Discover Wrangler GS-A "Triple Traction" for your 


light truck or sport utility vehicle. For your nearest a oe a 
| Goodyear Wrangler radials. | 
Goodyear retailer call 1-800-GOODYEAR. oodyear Wrangler radials 


THE BEST TIRES IN THE WORLD HAVE GOODYEAR WRITTEN ALL OVER THEM. 
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Experience Goodyear traction for your passenger, multi-purpose and high-performance vehicles. 


AQUATRED. WRANGLER G$-A. EAGLE GS-C. 
| Deep-groove design "Triple Traction" Dual tread zone for 
for outstanding tread for all-surface ^ high-performance 
! wet traction. traction. traction. 


GOOD? YEAR 


For a realistic-looking stone paver 
path, use a knife to cut around Walk 
Maker mold, then lift sod away. 


One bag of Quikrete Concrete Mix 
fills one mold. Use the minimum 
recommended water for a stiff mix. 


then use a hand trowel to eliminate 
voids and smooth surface. 


Mold can be removed right away as 
the mix sets. With one or two molds, 
| you can make a path in just hours. 
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| Fill all sections of the mold with mix, 


walkway to put in. Several options were 
considered: a wood-bordered sand path, 
which we rejected because sand 


| compacts and becomes dirty; gravel, 


which can cause other problems as the 
stones find their way into the grass where 
they are kicked up by mower blades; 
natural flagstone or slate pavers, which 
are the most attractive but also the most 
expensive alternative; or a poured, 


| continuous concrete sidewalk, which is the 


least naturaHooking in a garden setting. 
We were still debating what to do 


| when a visit to the local home center 


provided an ideal solution. The salesperson 
showed us a new product called the Walk 
Maker from Quikrete that would enable 
us to conveniently and inexpensively 
make our own garden path using bags of 
pre-measured concrete mix. Even better, 
the finished path made by this method 
would look very much like natural stones 
set in the grass. 

The Walk Maker is a simple system. 
A one-piece, tough plastic mold with 


| irregularly-shaped sections, it is placed 


directly on bare earth or atop grass and 


| then filled with concrete. One 80-pound 


bag of Quikrete Concrete Mix completely 
fills one Walk Maker mold. Just minutes 
after the mix is poured in and smoothed 
with a trowel, the mold can be removed, 
producing what looks like a 2-foot-square 
group of 2-inch-thick concrete "stones." 
The irregular shape of each stone as well 
as the overall pattern lend a natural 
appearance, and the concrete may be 
colored using additives while still wet or 
stained after it cures to enhance this look. 
Because the Walk Maker is removed 
quickly after it is filled with concrete, only 
one mold is needed and can be used 
repeatedly to create walks of any length. 
This also allows a homeowner to make just 
one section of walk at a time, without 
having to mix or buy larger amounts of 
concrete, as is usually the case on larger 
projects. Quikrete recommends using their 
Fiber-Reinforced Concrete Mix for an even 


| stronger, more durable finished walk or 


where heavier foot-traffic is anticipated. 
For this, about one and one-third 60-pound 
bags of mix are required to fill each Walk 
Maker mold. 


RAIN, RAIN, GO AWAY 


As nicely designed as the pavilion is, 
its construction presented some challenges 


| rainwater into each of its four steeply 


| “pile up" during heavy flow periods. This 


| System on the pavilion, just as we had 


. efficient in catching and dispersing 
| rainwater. To prevent water from sluicing 


| Rainhandler Plus louvers are easy Lo 


to both the builder and ourselves. The tall 
gable roof, for example, sheds volumes of 


pitched valleys, which direct the water 
toward the corners of the gazebo. Where 
it empties onto the flat roof between the 
gazebo and cabana, the water tends to 


kind of situation leads to a typical problem 
many homes have in winter: snow buildup 
and ice damming at the roof eaves. 
Gutters and downspouts that cannot 
adequately handle a heavy volume of 
water, or that are often blocked by leaves 
and roof debris, only contribute to this 
problem. As water backs up behind the 
obstruction it can infiltrate under roof 
shingles or the roof deck itself, and 
eventually find its way into the home to 
cause further problems. 

A way to avoid water or ice buildup in 
gutter systems is to eliminate gutters and 
downspouts altogether. We installed the 
new Rainhandler Plus Rain Dispersion 


installed it on the house. Rainhandler's 
5-foot-long louvered sections don't hold 
water—they instead break up the flow off 
the roof into rain-sized droplets and deflect | 
them away from the structure and its 
foundation. Instead of falling in a narrow 
dripline under the eaves, rainwater is 
dispersed over a 3- to 4-foot band away 
from the walls, where it can be absorbed 
by plants or grass, or directed farther 
from the foundation by sloped landscaping. 
The "Plus" in the Rainhandler system 
refers to its redesigned louvers, which are 
gently curved and are 30 percent more 


down valleys, as in our situation, and 
overshooting the Rainhandlers, system 
options include special Roof Valley Rain 
Diverters to break up the flow, as well as 
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install and help prevent ice damming 
problems common with gutter systems. 


% 
OF EVERY PURCHASE IS CREDITED TOWARD A NEW GM CAR OR TRUCK. 


-Its the vehicle millions of people 
have already traded for. Todays Finan- 
cial Vehicle?" The GM MasterCard® 

It's the only credit card that credits 
996 of every purchase toward any new 
Chevrolet, Pontiac, Oldsmobile, Buick, 
Cadillac or GMC Truck. 

Earn 596 every time you make a pur- 
chase. 596 every time you take a vaca- 
Lion. 596 every time you g0 out to din- 
ner. All your earnings are credited to a 
special GM account we'll open in your 


CHEVROLET * PONTIAC 


name. It could mean saving hundreds, 
even thousands of dollars over and 
above any other discounts or rebates. 


THE GM CARD: 


TODAY'S FINANCIAL 
VEHICLE? 


OLDSMOBILE * BUICK * 


uongjodao^ SJOJOW J&J9uar) £661 E 


You get all the advantages of 
MasterCard with no annual fee. And 
the GM Card" is the only one that gives 
you the power to choose from over a 
hundred different GM cars and trucks. 

So if you dream of changing what's 
in your garage, do what millions of oth- 
ers have already done. Change whats 
in your wallet. 


TO APPLY, GALL 1-800-8GM-CARD 
(646-2219) 


CADILLAC * GMC TRUCK 


Offer is redeemable as discount on new GM car or truck. Up to $500 annually. or maximum of $3500 over 7 years. May be combined with other GM offers. Subject to GM Card Rebate Program Rules 


SPECIAL ADVERTISING SECTION 


| Doorbrella strips that adhere to pitched 
roof surfaces and direct water away from 
door, deck and porch overhangs. 


ON-SITE DAMAGE CONTROL 


Once construction on the pavilion 
neared completion and most of the heavy 
work, and workmen, were out of the way, 
we still had plenty of jobs to keep us busy. 
Landscaping the area torn up during 
building became our first priority—both to 
prevent erosion of the property around the 
structure, as well as to give ourselves a 
psychological boost after viewing the 
construction site that was our back yard 
for the past few months. 

Erosion and loss of valuable topsoil 
can mean extra work and added costs at 
the end of a job if a homeowner doesn't 
take steps to prevent it. If a building site is 
large enough to require filling, flattening or 
scraping with heavy equipment, an 
excavation contractor should first remove 
the top 6 to 12 inches of soil—the layer 
with most of the beneficial plant nutrients— 


—— 


and pile it out of the way. Later, after 
construction ends, the topsoil can be 
pushed back around the structure for 
planting or reseeding. 

If you need to replace some or all of 
the topsoil, or want to lay grass sod to 
recover bare areas quickly, there are 
basically two options: buy it and pay to 
have it delivered, or find it and bring it in 
yourself. If you have a pickup truck, the 
second option can save you a considerable 
amount of money. Dirt and sod are 
commodities that are routinely bought, 
sold, bartered or given away, depending 
on the local situation. Sometimes building 
contractors have too much dirt on hand 
after excavating a site and face having to 
pay to have it trucked away; they are glad 
to find landscapers, or homeowners, who 
can take it off their hands at no cost to 
either party. In rural areas, unused 


farmland is often sodded over to protect 


the fields, and farmers or land developers 
sell it off at nominal cost when the land is 
cleared. Having a truck of your own means 


you can take advantage of such oppor- 
tunities when they come along. 


A TRUCK FOR ALL REASONS 


Even if you're not in the market for 
dirt or sod, a pickup truck can save you 
money every time you buy something that 
requires delivery—and an extra delivery 
charge. On this project, our Chevy K1500 
long-bed pickup was the "tool" that got the 
hardest use. 

Whether we were hauling sod or dirt, 
buying materials and lumber, picking up 
furniture for the pavilion, or just taking our 
mountain bikes out to the countryside for 
the day, our pickup was the one vehicle 
we needed most. With its shift-on-the-fly, 
4-wheel-drive, optional 350-V8 engine and 
a 5-speed manual transmission, we didn't 
have to worry about getting bogged down 
in mud or traffic. 

To get the most out of our truck, we 
wanted tires that would give top perfor- 
mance in various conditions—highway 
driving, wet or dry roads, or rough-duty 
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Our Chevy pickup truck is our most dependable worker, a go-anywhere, do-anything helpmate that we never run out of 
uses for. A range of engine options, including a powerful and smooth-running 6.5-liter diesel, and a choice of transmissions 
| including automatic and 5-speed manual, make this our choice for the most versatile vehicle award in any class. 
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A resilient plastic bed and tailgate 
liner protects both your truck and its 
value—and the cargo it carries. 


for horizontal supports. A plywood 
sheet on top creates storage below. 


Second set of notches at truck's bed 
divides floor space into three areas to 
keep cargo from sliding around. 


construction work. One tire that combines 
the benefits of three specialized treads for 
each of these situations is the new 
Goodyear GS-A. It has tread lugs on the 
outside to help cornering and handling, 
especially at higher speeds. Center lugs 
are designed for tracking stability and 
road-holding in wet conditions. And the 
tread lugs on the inside shoulder increase 
traction in mud or snow. With GS-As on 


| your truck, you don't have to compromise— 


you can have it all. 


This Duraliner has molded-in notches 


PROTECTING YOUR INVESTMENTS 

Another option available on our pickup 
is a custom-molded Duraliner bedliner and 
tailgate protector. No matter what we 
dumped into that truck bed, the bedliner 
shrugged it off and showed no noticeable 
wear or tear. 

Once available as "one size fits all" 
aftermarket items, bedliners and tailgate 
protectors can now be ordered tailored to 
fit specific vehicles and can be installed by 
dealers or by the vehicle's owner. A 
custom-itted Duraliner bedliner actually 
protects your truck two ways: it prevents 
damage to the truck bed's surfaces, which 
helps extend the working life of the 


PECIAL AD N CTION 
vehicle; and it can add to a truck's resale 
value, which means it's an option that 
actually pays you back. 

The new Duraliners have built-in 
features that add to their convenience, 
too. Our Chevy truck has special pockets 
molded into the sides of its bed for 2x4 
or 2x6 boards; these boards can support 
full 4x8-foot sheets of plywood and 
other materials above the wheel wells while 
leaving enough space below for tools, 
lumber or just about anything else that will 
fit under there. The Duraliner has matching 
molded pockets so that this feature is not 
lost when the liner is installed. Duraliners 
also have a second set of pockets, called 


How Io KEEP WOOD BEAUTIFUL THROUGH 


Helmsman” Spar Urethane is a 
clear, tough finish that protects 
your wood indoors or out. It is 
specially formulated to guard | 
against the elements, with ultra- 
violet light absorbers to help 
keep wood from discoloring in 


the sun. Plus, Helmsman is 
flexible. So it expands and 


cracking and chipping. For 
exceptional beauty and pro- 
tection, count on Helmsman. 


Makes AND KEEPS Woon BEAUTIFUL" 


For your FREE booklet: "Tips on Wood Finishing," write Minwax, P.O. Box 260, Dept. RG 063 Whippany, NJ 07981. 


® Minwax and Helmsman are registered trademarks of the Minwax Company, Inc. © 1993 Minwax Company, Inc. 


contracts with the wood as the 
temperature changes, to resist 


SPECIAL ADVERTISING SECTION 


DuraLocks, at floor level in front and back of 
the truck's wheel wells; these pockets accept 
2x4 boards on edge, dividing the floor space 
into two or three sections to help prevent 

| cargo from shifting as you drive. 


PORTABLE POWER TO GO 


Working around the home can be as 
personally rewarding as it is productive, 
but having the right yard and garden tools 
can certainly help in both areas. On a 

i personal level, yard work can be physically 
demanding or just plain hard on the back. 
Lifting, weeding, pruning and chopping is 
good exercise only up to a point. As for 
productivity, lightweight yet capable 
portable power tools take much of the 
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DURALINER 
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No funny stuff here. Your truck's a major 


investment. It needs the protection of what 
the experts say is the toughest bedliner 


$500. For the ultimate in truckbed 
protection, there's only one line you need 
to remember: "Demand the original; 
Demand Duraliner!" 


drudgery away from outdoor chores and | & 
dramatically increase the amount of work : 
you can do in the same time. 
Homeowners with sizeable yards 
usually choose gas-powered equipment 
because it offers cordless flexibility, and 
because gas-driven engines are generally 
more powerful than most battery or electric 
tools. The good news is that gas-driven 
tools have become increasingly compact 
and lighter in weight over the years, to a Ls 
point where they are just as easy to carry | X 
and use as their plug-in cousins. | 5 
The new Homelight HT-17 Hedge | 
Trimmer shown here is a good example. — 
Hedge trimmers are held in front of the 
user, often at chest level or higher when 


Light yet powerful, Homelite's gas- 
powered string trimmer uses heavier 
.095-gauge string for quicker cuts. 
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With a 16-ce gas engine and under 9 
pounds, this new Homelite trimmer 
can make light work of tough hedges. 


you can buy: Duraliner". Loaded 

with innovative features like a 

versatile cargo-stacking design, the | 
DuraLoc™ cargo-restraining | 
system, a snap-on tailgate and 
easy no-drill installation, all backed 

by a Limited Lifetime Warranty. 

Duraliner even increases the resale 

value of your truck by as much as 


cutting tall hedges and brush, so the 
weight and balance of this type of tool has 
always been a critical factor. Weighing just 
under 9 pounds, the HT-17 is one of the 
lightest gas-powered units available and l 
it's a pleasure to handle. | 
But what this trimmer lacks in weight, 

it more than makes up for in power. Its 
16-cc two-cycle engine puts real muscle 
into a double-edge blade that cuts a neat 
swath through brush, vines and twigs up to 
#ths of an inch thick, yet it handles as 

| easily as electric-powered units. Best of 

. all, there's no electric extension cord to 


AMERICA’S #1 TRUCK BEDLINER 
For the dealer nearest you, call 1-800-MY-LINEH. 


drag along and get in the way, and no 
danger of accidentally cutting the cord 
during use. 

When working with portable gas- 
engine equipment, it is important to follow 
manufacturers' recommendations as to 
fuel mixtures and operating procedures. 
Virtually all of these small, lightweight units 
are powered by two-cycle engines, which 

| have no oil pumps to lubricate their 


internal moving parts. The high-friction. With n CM Maiori every dollar 
parts depend instead on oil that you mix you spend earns 5 percent in credit 
into each tankful of gasoline fuel. Most toward your next GM car or truck. 
manufacturers recommend their own 
Sud p. brand of oil and insist that it is mixed in operating temperatures, and anti-oxidant 
Shopping for the right materials is easy | Strict proportions with the fuel. These fuel stabilizers to help keep stored gas 
at our local Ace Hardware, where they | Specially formulated oils contain additives fresh for up to three months. Because 
know their products—and know us. to maintain viscosity under high engine- | today's gasolines are so highly refined, 
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Elmer's’ SQUEEZ2-H-CAULK" 
makes caulking easy. 

There's no struggling with messy 
caulking guns. You get all the control 
you need with fingertip ease. 

This tough, flexible, mildew and a 
water resistant formula adheres quickly 
to almost any surface. 


50 you can caulk with ease 
indoors and out! 


*Available in 
four paintable colors. 


Gal 


THE HME SOLUTIONS 


GC his is how Í get my 


sisler out of the shower fast. 
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You've had it happen 
before. You're lathering 
up in the shower when, suddenly some- 
body flushes the toilet. 

YIKES! 

That abrupt change in the water 
temperature that sends your voice three 
octaves higher. 

At Moen we call this “shower 
shock.’ And we have an answer: a com- 
plete line of pressure balancing shower 
controls, like the Post-IEMP* model 
shown here. 

[t keeps the water within 2° of 
the temperature you select. Even when 
the toilet is flushed or the dishwasher 
| isturned on. 

50 you can take a nice, com- 
fortable shower. And tell your brother to 
: wait his turn. 

See your Moen dealer or call us 


| at 1-800-553-6636. 


SPECIAL ADVERTISING SECTION 


Four easy steps to installing a Moen 
Concentrix faucet (clockwise from 
top left): Putty plastic faucet base and 
chrome basin ring, and insert faucet 
through rim holes. Use nuts and 
spacers, if needed, to mount faucet to 
sink, then attach flexible waterline 
<9) connectors. Install pop-up drain 

. mechanism on faucet and basin drain 
extension tailpiece to sink, and place 
sink in counter opening. Concentrix 
handles, available in 18 color and 
shape combinations, are easily 
installed or changed. 


some manufacturers and two-cycle 
servicers recommend storing fuel no more 
than one month to prevent engine fouling 
and hard starting. 

Our local Ace hardware store is also 
our local servicing dealer for Homelite 
portable power equipment. It’s a good idea 
to have your equipment serviced or 
repaired by qualified specialists who carry 
the parts you need, especially parts made 
by the original manufacturer. Small gas- 


How To MAKE AWA. 
IN A Few EASY STEPS. 


(TREN Now anyone can pe stone- ailem vallis itd patios at tock bottom prices. All you need is ‘the Walk Maker™ from 
, Walk Maker" OUIKRETE". Walk Maker is fast, because it only takes minutes to complete a 2'x 2 ‘section. It’s easy, because you Just fill it 


with concrete, smooth off the top with a trowel, and remove the mold. And it's economical, because one 80lb bag of - 


(Em ; ~ QUIKRETE Concrete Mix will fill a 2’ by 2' area. Plus, since the Walk Maker pattern is designed to interlock, you only need 
Manulacrured exclusively for 


one mold. And for a longer lasting walk that resists cracking and chip- asse 77 OU IKRETE : 
The QUIKRETE Compass. like to leave a lasting impression on your landscape, use Walk Maker. m 


EE ing, you can use QUIKRETE Fiber-Reinforced Concrete. So if youd pry 
QUIKRETE is the registered trademark of The QUIKRETE Companies, Atlanta, GA 30345, and Associated Licensed Manufacturers, WALK M em is the trademark of WALK MAKER, INC. ©1993 The QUIKRETE Companies 


engine tools are rugged and dependable, 
and today many have sophisticated 
systems including electronic ignition and 
fuel injection—parts that usually require 
little servicing but demand expert care 
when they do. At Ace, we know the people 


. who sell and service our tools, and they 


know us. Ace stores are a cooperative of 
dealers who have a real interest in 
satisfying their customers' needs. 

And whenever we shop at Ace, or at 
any other store that accepts credit cards, 
we make it a point to charge all of our 
purchases on our GM MasterCard. This is 
the smartest way to earn back something 
for the dollars we spend. Every purchase 
made with a GM MasterCard earns 5 
percent in credit towards any new 
Chevrolet, Pontiac, Buick, Oldsmobile, 
Cadillac or GMC Truck. On our pavilion 
project, for example, we were able to 
charge virtually everything we needed— 
tools, materials, lumber, paint, landscape 
plants, even work clothes and boots— 
knowing that 5 percent of our account 
balance will be rebated to us when we're 
ready to buy our next GM car or truck. If 
we charge $10,000, we get back $500— 
and we can keep earning credits on card 
purchases up to a maximum of $3,500 
Over seven years. 


SPARE, BUT STYLISH 


Just as we were able to include a tiny, | 


but adequate, kitchen work space in our 
pavilion plans, another goal of our design 
was to have a fully functioning bathroom in 
the pool cabana section. As it turned out, 
the 8-foot-square cabana enclosure 
provided more than enough room for a 
corner shower, toilet, sink and counter, 
and a changing bench. 

As with the kitchen, we kept the cost 


. down by eliminating many—but not all—of 


the frills homeowners have come to 
expect in their baths, and by taking a 
strictly practical approach to the interior 
design. For example, last year's kitchen 
makeover in the house left us with just 
enough unused tile to cover the bath's 
small floor area, and the pavilion's 
concrete slab floor offered a perfect base 
for tiling, so we were already ahead on 
both counts. The shower drain is set into 
the floor, eliminating the need to build or 
install, or tile, a separate base. The toilet 
and sink are low-cost, no-frills home center 
models. The bench and sink counter were 
simply constructed with framing lumber 


| Squeez-N-Caulk. 


Caulking a 

watertight seal 
between a sink 
and counter is 


easy with Elmer's 


It's compact plastic 
bottle provides 
adjustable flow 
with fingertip 
control, and the 
siliconized acrylic 
latex caulk won't 
sag, mildew or dry 
up in the bottle 
after use. 


and faced with a better grade of wood, 


and the counter top is the leftover half of 
the 4x8-foot laminate piece we had bought 
for the kitchen counter. As in traditional 
saunas, the walls and roof interior were 


Powerful, yet light- 
weight design, just 
under 9 Ibs., makes 
cutting easier. 


Gas-powered 
convenience means 
no limiting cord to get 
in the way. 


Chrome-plated cylinder wall helps 


extend engine life. 


SPECIAL ADVERTISING SECTI 


left exposed for better ventilation. 

This utilitarian approach served our 
needs, but it wasn't done without some 
sense of style—an important aspect that 
is never overlooked in any truly successful 


.. ShapeltRight! 


Gas-Powered Hedge 
Trimmer. America's No.1 
gas-powered hedge 
trimmer. Lightweight and 
well-balanced to make it 
easy to maneuver, more 
versatile. For your nearest 
Homelite* dealer call: 
1-800-242-4672. 


Rugged, 16 cc 
2-cycle engine is 


Y quick starting and 
dependable. | 


Double-edge blade for 
smoother, faster more 
complete cutting. 


HOMELITE 


DO IT RIGHT. DO IT HOMELITE. 
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and satisfying project. Although the studs 
and outer wall and roof framing are visible 
in the cabana interior, all of the wood 
surfaces were given a coat of a light-color 
stain for a brighter, more finished look. 
Similarly, although our leftover floor tiles 
were not all the same color, we used this !| 
to our advantage as well by creating a 

contrasting pattern in the floor. 


JUST THE RIGHT TOUCH 


Another way to spruce up even a 
bare, basic space is to include one or two 
special items that add some decorative 


flair. In our cabana bath, we installed a To install Cambridge SoundWorks’ Use a razor knife or drywall saw to cut 
Moen Concentrix faucet to match the new | Ambiance in-wall speakers, cut out template opening. Choose a spot with 
Moen OneTouch faucet in the kitchen. ! paper template and level it in place. no studs, wires or obstructions in wall. 


Concentrix faucets allow you to choose or 
interchange a wide choice of decorative 
handles available in chrome, white or 
polished brass finishes. Handle selections 

| also range from smooth round shapes to 
round grooved designs to square shapes. 
The white, or glacier, finish is a baked-on 
epoxy coating. 

Like the OneTouch and other Moen 
faucets, the Concentrix line also has 
washerless-cartridge construction that is 
so dependable it comes with a lifetime 
limited warranty. If it ever leaks, Moen will 
provide replacement parts at no charge. 

The photo sequence on page 66 
shows the easy steps to installing a Moen 
single-handle faucet. The model we chose 
has a 4inch spread, or centerset, between 
its copper extension tubes for hot and 
cold water lines. When you order a sink or 
faucet, be sure the two have compatible 
centersets. The center hole on the sink 

QUA x -/ 8 | rim shown here allows clearance for the 
2 VALUE: ¿“| faucet's pop-up drain handle. 
z4 THE STANDARD OF adi: 
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ARROW MAKES YOUR PROJECT GO SMOOTHER AND EASIER FOR BETTER RESULTS. SEE THE — 
COMPLETE ASSORTMENT OF FASTENING TOOLS, RULES, STAPLES, GLUE STIX & RIVETS AT | 3e s 
YOUR LEADING HARDWARE, HOME CENTER, AND DISCOUNT DEPARTMENT STORES. Switch box against a stud shows edge 


| of wall cavity. Arrow's Brute tape 
measure accurately measures the 
, eavity's width. 


In U.S.A.: Arrow Fastener Company, Inc., 271 Mayhill Street, Saddle Brook, NJ. 07662 
in Canada: Jardel Distributors, inc., 6505 Metropolitan Blvd. East, Montreal HIP 1X9 Quebec 
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Remove wall section and test-fit the 
speaker in the opening. Wires will run 
to connectors shown at bottom of unit. 


If a new sink and faucet are purchased 
at the same time, take a tip from profes- 
sional plumbers and permanently mount 
the faucet to the sink before installing both 
as one unit in the counter top. It's not only 
easier to work this way, but it also enables 
you to properly tighten the faucet and 
drain mounting hardware. Another time- 
and labor-saving trick is to use flexible 
water-ine extensions to connect the faucet 
to the home's water supply. 

With the sink and faucet in place, 
caulk between the sink rim and counter 
top to create a watertight seal. Use a 
quality caulk for this job—one that will 
maintain its resilience and its resistance to 
water and mildew through years of hard 
use. We used Elmer's Squeez-N-Caulk, a 
siliconized acrylic latex compound that 
offers a 20-year limited warranty in 
situations just like this. It adheres 
permanently to just about any surface, 
including smooth porcelains and 
| laminates, and comes in three colors to 


An Arrow T-50 Staple Gun Tacker 
with an accessory wire-guide tip is 
used to secure speaker wire along 
baseboard. 


Install wires to the speaker and insert 
it in place. Tightening four Phillips 
screws secures the speaker to the wall. 


match most installations, plus a formula 
that dries clear. Squeez-N-Caulk can be 
used indoors or out, and it stays flexible 
even at low temperatures. It also comes in 
a compact 8-ounce size that is easy to 
use—just turn to open the spout-cap and 
squeeze it straight from its plastic bottle. 


Speaker frame and grille are all that 
show after installation. Both may be 


painted to match your decor. 
NOW HEAR THIS 

We created a great outdoor space 
with great looks, and to really enjoy the 
great times we'll have out there we wanted 
great sound to go with it. Not too long 
ago, it would have been impractical to 
install quality audio speakers in an 


=. Trim ft Right! 


Powerful Homelite ' 
2-cycle engine has higher 
RPM to make quick work 
of any trimming job. 


A "Quick Start" primer bulb 
system makes starting 
easier. 


Heavy Duty .095 (24mm) 
gauge line means quicker 
cutting. 


Gas-Powered String Trimmer. 
Homelite* String Trimmers come 
fully assembled and ready-to-go. 
Their lightweight maneuverability 
lets you get to even the hardest 
to reach areas quickly. For your 
nearest Homelite dealer call: 
1-800-242-4672. 


16" Dual, E-Z Line™ 
Advance System for 
convenience and 
reliability. 


HOMELITE 


DO IT RIGHT. DO IT HOMELITE. 


€ 1993 Textron, Inc. 
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indoor/outdoor setting like this. Even the 
best speaker cones—most are made of 
paper—would deteriorate from exposure 
to dampness, their wood cabinets would 
warp and their wire terminals would 
corrode. And most speakers adequate to 
fill an outdoor area with high-fidelity sound 
are generally oversize and would be too 
large for our small pavilion. 

The answer, we discovered, was a 
sound system based on Cambridge 
SoundWorks' new Ambiance in-wall 
speakers and Ensemble satellite speakers 
with separate subwoofers. These compact 
yet powerful speakers have already proved 
to audiophiles and critics that good things 
definitely come in small packages. 
Measuring only 8-X by 11-% inches, the 
in-wall model is made to mount within a 
standard-size opening cut between studs, 
leaving just its frame and grille visible after 
| installation. The Ensemble satellites are 
similar in size, but may be surface- 
mounted using special pivoting brackets 
for optimum placement anywhere in a 
room. In addition to dynamic audio 
sophistication, these speakers have other 
features that make them perfect for our 


CHANGING 


| GindaF 


OJTE PLAN i 


Blueprint and artist's rendering give a 
plan view of the pavilion sited on the 
property, at top, with the house below. 
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| pavilion: Fully enclosed for true acoustic 


suspension, their one-piece plastic cases 
and gold-plated 5-way wire connectors 
also protect them from moisture and 


| corrosion. And their cabinets and grilles 
. come primed and ready for painting, 


allowing them to blend easily into any 
decorating scheme. 
Installing speakers, whether the 


standard cabinet type or the in-wall models 


that have become so popular in recent 
years, is an easy task. But, as in everything, 
there are tricks that make this job even 
easier and will give you better results. 
Choosing the right audio wire is important. 
Despite some manufacturers' claims that 
expensive, heavy gauge wire—the so- 
called "monster" cable—is necessary for 
the purest of sound, in most circumstances 
the difference it makes in audio quality is 


| Impe $ 4i 

Stripping intricate woodwork is no 
problem for free-flowing Klean-Kutter 
Liquid Paint and Vatnish Remover. 


A coat of Minwax Wood Finish 
penetrating stain makes even tired, 
stripped woodwork look new again. 


For a fast finish that helps protect 
furniture from harmful sunlight, we 
used Helmsman Spar Urethane. 


generally imperceptible to the human ear. 
For runs up to 50 feet, most manufacturers 
recommend ordinary 18-gauge speaker 
wire, or the slightly heavier 16-gauge wire 
for installations beyond that distance. If 
the speakers are different distances from 
their amplifier, always use identical lengths 


| of wires to each speaker, even if it means 


bundling the wire that runs to the nearest 
speaker. Something else to note is that 
there is one type of audio wire made 
specifically for in-wall installations, and 
another type for exposed or on-wall runs. 
Another trick used by installers to 
hide speaker wiring is a simple add-on 
accessory for the Arrow T-50 manual 
Staple Gun Tacker—a versatile tool that 
every homeowner should own. This 
accessory tip slips onto the business end 
of the staple gun and creates a protective, 
semi-circular bridge that fits over the wire, 
effectively preventing staples from 
piercing the wire. When a staple is fired, 
the bridge also acts as a depth gauge to 
prevent the staple from crimping the wire. 
As shown here, the in-wall speaker 
wires drop from the speaker down through 
the wall and exit near the baseboard 
molding. A wire coat hanger or electrician's 
"fish tape" may be used to locate the 
wires in the wall cavity and pull them out 
into the room, or the wires can be inserted 


into the bottom hole first and fished up to 
the speaker position. The wires are then 
secured to the baseboard with staples, 
and are later hidden by an additional piece 
of base cap molding. 


FOLLOWING THE PLAN 


The success of any project depends 
on the planning as well as execution that 
goes into it. And just as our small-scale 
building benefitted from an architect's 
understanding and skill, our landscape 
plans proved more flexible and attractive 
as a result of a designer's touch. 

Working with architects and designers 
can help a project in many ways. They 
bring a practiced sense of style and 
dimension that most laymen lack. And 
although their fees add some cost to a 
project, they can often recommend 
methods and materials that help reduce 
costs in other areas. Professionals, 
particularly those licensed by a 
municipality or supervising board, know 
that every job they undertake can either 


Mow It Right! 


5 hp Briggs and 
Stratton Quantum 
4-cycle engine 


for long life 


HCM20P5 Convertible Mulching 
Mower. If you'd like a mower that 
mulches ... and bags ... and side 
discharges ... this is the ultimate 


performance. mower for you. The 3-in-1 


Lightweight | 
no-rust aluminum \ 
deck makes cutting 
easier. 30% lighter 


than steel decks. 


i M " 


IN 


Convertibility lets you choose side 
discharge, mulch or rear bag. 
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Convertible. Rugged, dependable 
and versatile enough for every 
need. For your nearest Homelite” 
dealer call: 1-800-242-4672. 


i 


Large 8" wheels with rubber tires 
for excellent maneuverability. 


Exclusive Homelite twin 
blade with six cutting 
surfaces for a more 
complete cutting system. 


HOMELITE 


DO IT RIGHT. DO IT HOMELITE. 
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Overtime Pay. 


Best Resale Value Of Any 
Full-Size Pickup." 
“Best full-size pickup in initial quality.” se | ^ 


—J. D. Power and Associates." 


Best body panel rust 
protection in the œ» 


Best MPG of L —— A 
any full-size T = 


pickup. EPA esti- 
mated MPG city 
17, highway 22. 


3-year/36,000-mile Bumper to Bumper 
Plus Warranty. No deductible.” 


More than 98% of all Chevy 
trucks sold in the last 10 years are 
still on the road. Over the years 
no other truck is that dependable, 

foreign or domestic?” 


Chevrolet. 
The Most Dependable, 
 Longest-Lasting Trucks. 
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Fora free productbrochure call 1-800-950-2438. 
"Excludes other GM products. tJ. D. Power and Associates® 1992 Light Truck'Initial Qdality Study?" based on a total of 10,475 consumer responses 
indicating owner-reported problems during the first 90 days of ownership. * *See your Chevrolet dealer for terms of this limited warranty. ttBased on 
full-line truck company registration data 1982-199], Excludes Other GM — Chevrolet and the Chevrolet Embjem are 
sc" registered trademarks and Chevy is a trademark of the GM Corp. ©1992 GM Corp. All Rights Reserved. Buckle up, America! 
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Parts & Labor $ 


Warranty 
Unlimited Worronty, — dU. 
Cambridge SoundWorks 95) 


Speakers. 


Audio Catalog 
At Cambridge SoundWorks we manufacture 
speakers and music systems designed by Henry 
Kloss (founder of AR, KLH, & Advent), and we sell 
them from our factory in Newton, Mass. We also 
sell selected audio components from brands like 
Philips, Pioneer, Denon and Nakamichi. Because 
we sell factory-direct, you can save hundreds of 
dollars on components and systems. We sell 
nothing but "the good stuff.” Our knowledgeable 
audio experts will help you make the right choices, 
without being pushy. And you can call toll-free for 
advice or “hook-up help” 365 days a year—even 
holidays. This is the simplest way to get the right 
deal on stereo components...and theres virtually 
no risk. 
* Call toll-free for factory-direct savings. 
* Audio experts will answer all 

questi ons, before, and after abus 
* 30-day money-back satisfaction guarantee. 


*Ensemble II, like its 
companionsinthe | 
Cambridge Sound Works 
| lineup, performs so far 
! beyond its price and size 
class that it can be com- 
| pared only with much 
| larger speakers at sub- - 
stantially higher prices. 


— Stereo Review. 


1-800-FOR-HIFI” 


24 hours a day, 365 days a year (800-252-4434) 
CAMBRIDGE 


SOUNDWORKS 


154 Califomia St., Suite 126J,, Newton, MA 02158 
*In Canada call 1-800-525-4434, Fax: 617-332-9229 
Outside U.S. or Canada 617-332-5936 
© 1991 ae SoundWorks (&) Ensemble is à trademark of 
Cambridge SoundWorks. AR & Advent are trademarks of Ir jonal jensen, Inc. 


enhance or hurt their reputations, so it’s in 
their best interest as well as yours to see 
that each project is well-designed. 
Because they often provide the required 
working drawings or blueprints, they are 
also responsibile for the technical 
accuracy of the structure. An architect 
may also act as a project manager to 
ensure that the workmanship and materials 
used by the builder or subcontractors are 
acceptable. 

A standard arrangement when 
working with a professional is to first 
agree on an overall budget for the project 
and then fit the scope of work within it. 
Another way is to discuss the job in detail 


| and budget expenses for specific items 


within the project. Fees for design work 
can be based on a percentage of the total 
budget, a flat rate, or consulting on an 
hourly basis. 


A CLEAN, WELL-LIGHTED SPACE 


An added bonus of the pavilion's 
openness is that it provides us with 
another place for home-project work, 
especially those tasks that are better done 
out of the weather yet with lots of natural 
light and ventilation, such as painting, 
stripping or refinishing furniture. And since 
most of the furniture used in the pavilion is 
of the reclaimed and refinished variety—to 
suit the interior's casually rustic, "Redford 
ranch" decor—being able to do the work 
where the furniture will ultimately be used 
made more sense in terms of time and 
effort. 

Refinishing an item like our bench, 
with its intricate Chippendale-design 
seatback inserts, can be difficult if you use 
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Having Goodyear GS-A 
tires on your truck is like 
having three tires in one. 
Their unique design has 
three different types of 
tread for different driving 
conditions. 
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paint and varnish removers that have thick 
paste formulas, because they can't get 
into cracks and crevices to soften 
hardened finishes. One refinisher, however, 
Klean-Kutter Liquid Paint Remover, has a 
free-flowing consistency that is specially 
formulated to penetrate deep into tight 
spaces such as carvings, corners and 
intricately detailed areas. This refinisher 
can be used on woodwork, metals and 
even delicate veneers and antiques. It 
won't raise the wood's grain or harm the 
patina that builds up over time and gives 
older furniture and antiques their character 
and deep, mellow color. Klean-Kutter also 
works on varnish, shellac and lacquer, in 
addition to most types of paints. 

When refinishing furniture, a good way 
to protect the area in which you work is to 
first spread a plastic sheet on the floor 
and cover it with an absorbent dropcloth. 
This way, spills will be sopped up by the 
cloth but prevented from staining or 
harming the floor surface, and the floor 
will not be slippery underfoot. Paint stores 
sell a variety. of plastic and fabric drop- 
cloths, including strong canvas professional 
dropcloths. This type is a worthwhile 
investment because it is tough enough to 
provide real protection and reuseable to 
last through years of home projects. 

After stripping away the old finish on 
our bench, we gave it an altogether new 
look using a Minwax Wood Finish penetrating 
stain in a Driftwood color. This was followed 
by a coat of clear Minwax Helmsman Spar 
Urethane. For long-asting durability under 
hard use, especially on outdoor furniture, 
this clear finish can't be beat. It contains 
special ultraviolet absorbers that protect 
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A. 55 Piece 
_Socket and Wrench Set 
Popular sized standard and metric: 


sockets and wrenches with case, 
Full Fifetime Warranty. 28816 


B. 45 Piece Socket Set 
4" andes” standard and metric 


| sizes. Y" drive reversible ratchet 


and 4 socket holders. Full Lifetime 


| Warranty. 29328 


C. 99 Piece 


| Socket and Wrench Set 


Popular sized sockets, wrenches, 
and insert bits with carrying case. 
Full Lifetime Warranty. 28817 


D. 7%” Circular Saw 


| Powerful 2 HP motor can handle 


tough jobs. Compact and light- 
wéight with easy bevel and depth 
adjustments. 21704 

E. 7⁄4" Sawblade 

24 carbide teeth for smooth, fast 
rips, cross cuts and miters. Stays 
sharp up to 50 times longer than 
steel blades. 20156 


F. Pad Sander with Dust Bag 
Palm grip and lightweight for easy 
handling. Includes dust bag for 
clean and efficient sanding. 

(model # BO4550) 20408 


G. %” Cordless Drill Kit 

9V keyless chuck drill features a 
6 stage torque setting and 2-speed 
gear selection. Battery, charger and 
case included. (model 6095 DW) 
28913 

H. 3” Drill 


| Powerful 3 amp motor. VSR drill 


features a keyless chuck for quick 
and easy accessory changes. Case 
included. 2000776 

J. Bullet/Scorpion Bit Set 

8 piece bit set with 2 bonus double 
ended screwdriver bits. Includes 
plastic storage case. 26416 


| K. 6 Piece Screwdriver Set 


Includes popular 4” and 6” stan- 
dard tips, 3” and 6” cabinet tip, 
and 1 and 2 Phillips with storage 
rack. 25202 


L. Wonder Bar 

Forged steel, polished and 
beveled cutting edges, and nail 
slots on both ends. For pulling, 


BE prying, and lifting. 25426 


M. Short Cut Saw 
Aggressive tooth design cuts 50% 
faster. Compact 15” saw fits easily 


| in tool box. 25879 


Dare we say, fun? 
Mon’ let the new cordless, rechargeable Mulchinator" mower from Ryobi fool 
you. It is quiet, yes. Virtually silent, in fact. And it does start effortlessly, with the 
push of a button. Yet beneath the seemingly mild-mannered and gracefully 


aerodynamic exterior, there lies a beast. With 24 volts of power and the 


B. — 


à 


performance-equivalent of your meanest 4-horsepower gas guzzler for cutting, 


mulching, even pulverizing and shooting grass clippings back into the soil to fertilize 


es 


an entire half-acre of lawn on a single charge. All available on a 60-day i 


v 


no-risk guarantee. All with such ease and precision, you may begin magi 


to find this normally laborious chore, well, less of one. And because the 

' SN 5 Ryobi Mulchinator needs no pit stops for gas, oil, pullstarts or clippings 
and folds for easy recharging and storage in tight garage-like spaces, you will 
not only find yourself at the finish line in record time...you might even find it fun. 


Made in U.S.A 


e. 
Call 1-800-525-2579 for more information. Making Innovative Concepts A Reality ~: 


Help reduce noise and air pollution; consider using electric or battery powered outdoor power equipment Ryobi America Corp. 5201 Pearman Dairy Road, Suite 1, Anderson S.C. 29625-8950 © Ryobi America Corp. 1993 


wood and other surfaces against the 
harmful effects of sunlight. Helmsman 
Spar Urethane stays flexible after drying, 
so that as wood naturally expands and 
contracts it won't readily crack or chip 
away. It's also available in both spray cans 
and brush-on liquid. If the furniture can't be 
disassembled for recoating, spraying 
usually provides better coverage in hard- 
to-reach places like crevices between 
wood pieces, and it's easy to use right 
from the can. 


LET THE SUN SHINE IN 


We designed our pavilion's gazebo to 
be light-filled and airy because we knew it 
would get the most use during warm- 
weather months. Heat doesn't have a 
chance to build up in the interior—it 
quickly rises into a high peaked ceiling 
where even the slightest movement of air 
outside carries it away through the large, 
semi-circular windows on all four gable 
walls. A 4x5-foot window on the end wall 
and high transom windows across the 
back provide plenty of view and still allow 
placement of seating and other furniture 
inside. 

But the focal point of the gazebo— 
and perhaps the smartest purchase we 
made in terms of overall impact on both 
the look and function of the pavilion—is 
the Marvin Sliding French Doors across the 
front. Although the doors were special- 
ordered to match our pavilion plans, we 
were able to have them custom-made, 
delivered and installed as a single unit, 
yet this cost us no more than if they were 
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Breezeway connecting gazebo and 
cabana becomes a kitchen with a Moen 
OneTouch faucet and undercounter 
refrigerator. 


taken individually from the manufacturer's 
stock. That's because all Marvin windows 
and doors are made to order, so virtually 
any size is a standard size. 

We used two matching door units, 
one opening left and the other right, and 
had them joined to open from the middle. 
One of the advantages of the Marvin 
system is that there is no center jamb 


| between the doors to obstruct passage or 


view. When both doors are open, they're 
open wide—nearly 5-feet, for our unit, 


| from door edge to door edge. A unique 


locking mechanism secures the doors to 
the top and bottom jambs as well as to 
each other, allowing you to unlock and 
open one door at a time. Another big 
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PECIAL ADVERTISING SECTION 
advantage to these French doors is that 
they slide open, rather than swing inward 
like typical French doors. This leaves more 
interior space for furnishings and people— | 
a big plus in a room as compact as our 
12x12-foot gazebo. 

Yet another consideration in our 
choice of Marvin doors was the variety of 
options available to us. We wanted a 
traditional multi-pane, or "true divided- 
light," look to match the French doors on 
the back of our house, but we also wanted 
the easy-to-clean feature of single-panel 
glazing. No problem: Marvin offered 
muntin-bar patterns in a variety of styles, 
including quickly removable snap-in grilles. 
And because the gazebo doors face east, 
we also wanted glass that could help keep 
some of the heat out of the interior. Marvin 
recommended their Low-E, argon-filled 
glazing, which efficiently blocks reflected 
light from outdoor surfaces and the 


| radiant heat it produces. 


THE VIEW FROM WITHIN 


All of this fancy technical talk 
notwithstanding, just about everyone who 


| has seen our project agrees that perhaps 


the greatest benefit we've received from 
our Marvin doors is simply the way they 
make the pavilion's interior a wonderful 
place to be. A wall of glass in a space this 
small makes an impact, one that changes 
from subtle to dramatic depending on 
such elemental forces as the time of day 
and the weather. From dawn to dusk, and 
even after dark with the moon out or the 
exterior lights on, the gazebo is a cheerful 


Both center doors open wide in 
our pavilion's Marvin Sliding 
French Doors. Unit shown is 
actually two matching doors 
custom-fabricated and installed as 
one. Interior snap-in grilles make 


glass-cleaning easy. 
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A great place to start is with a copy 
of "Before and After" This full-color, 64- 
page guide shows you how 19 different 

omeowners turned their remodeling 

ideas into reality. 

For your copy, mail the coupon 
below and a check for $4.95. To order 
using MasterCard or VISA, call 1-800- 


346-5128. In Canada, 1-800-263-6161. 


With your order, we'll include a free 


Please —— "Before and After" book ($495) 
send me: . .. Free full-line window and door catalog 


Ryobi TrimmerPlus power tool system offers five interchangeable heads—a 
string trimmer, cultivator and edger are shown at left. Each shaft quickly locks — 
into handle bracket. 


and inviting room that feels spaciously 
grand despite its limited dimensions. 
When owners make buying decisions 


regarding home improvements, they 


usually consider many factors: the "hard 
costs" of labor and materials, the resale 
value a renovation adds to their home, and 
the increased value of their home relative 
to neighboring homes. But they often 
forget to factor in the intangible benefits, 
such as how much a renovation might 
improve the quality of their home life, or 
how much satisfaction they might get from 
a special item like a well-placed skylight, a 
grand fireplace, or a dramatic row of 
Sliding French doors. 

One strategy for getting the most 
from a renovation project is to find ways to 
save on the cost of basic materials, or to 
add your own labor if you have the skills or 


Cultivator head is used here to loosen 
dirt for sod installation. Unit is also 


available in a corded electric version. 


time, and then budget more for those 
special, expensive items that offer a 
higher “satisfaction quotient.” Whether 
you're planning to live in your home for a 
long time, or hope to sell it in the near 
future, such items sometimes provide a 
greater return-on-investment than the rest 
of a project combined. 

The same can be said for including 
items like landscaping in a construction 
budget. Often, even unrelated or 
seemingly minor finishing touches to a 
project are just as important as all the 
hard work that goes into creating it. And if 
you avoid or overlook such items, you may 
find yourself adding in their cost long after 
your budget has been spent. 


GETTING YOUR MONEY'S WORTH 
As discussed above, there are ways 
to cut costs out of a project budget, and 
one of the best is to take on some of the 
work yourself. If you opt for this route, 
however, do yourself a favor and equip 
yourself with tools that can take some of 
the difficulty out of the jobs you tackle. 
When buying tools, it's always smart 
to choose the highest quality you feel you 


. can afford. Even if they will be used only 


occasionally or for light duty, most tools 
bought for a home are there for as long 
as they last—and the better the tool, 
the longer their lifetime will be. More 
importantly, cheap or inferior tools are 


| often inadequate for even the basic tasks 


they are designed to do, and can be 
dangerous to the user when pushed 
beyond their limits. 

One piece of equipment that came in 
especially handy for helping with the 
landscaping at the completion of our 
project was a portable, powered 


1993 “HOME REMODELING IDEAS” SWEEPSTAKES 


A REMODELING PUZZLE 


Complete the following crossword puzzle with the information 
provided in the advertisements in this Home Remodeling section 
and you could win a trip for two to sunny Hawaii or one of the 
other prizes featured. Just send in the puzzle along with the 
entry form to the address indicated. (Rules appear on the next 
page.) Good Luck! 


1. You buy this faucet for looks 
and for life. 
4. It's what Minwax Helmsman 


keeps beautiful. 
6. Ryobi Mulchinator needs no 


ACROSS 


GRAND PRIZE 


7. Rainhandler can be installed in 


only three — . A one week trip for two to sunny Hawaii. 
3. mr on this place for quality You choose which Hawaiian Island you would 


like to visit...Popular Science does the rest. 


OTHER PRIZES 


10. The windows that are made to 
order. 

11. Klean-Strip. Quality products 
that really. 

13. The length of the Cambridge 
SoundWorks parts and labor 
warranty. 

15. Elmer's Sqeez-N-Caulk works 
both indoors and here. 

16. The best ones have "Goodyear" 
written all over them. 

DOWN 

2. Where more than 98% of 
Chevy Trucks sold in the last 
10 years still are. 

3. Arrow quality and. are 
unequalled. 

5. The toughest bedliner you can 


(1) Rainhandler? Rain Dispersal System 

| for the home of your choice. (Five-foot 
—] al-aluminum sections in brown, white or 
aluminum.) Includes a 25-year warranty. 
24 Approximate retail value: $796. 


8. Quikrete can make this in a few 
easy steps. 

12. Homelite lets you trim, shape 
or mow it this way. 

14. With the GM Card, you never 
pay this. 


(4) Goodyear Wrangler GS-A tires 
with "Triple Traction" tread for all 
surface traction. Approximate 
retail value: $740. 


(1) Arrow ETC-50K Cordless 
(1) pair of Cambridge Ambiance" (1) Moen OneTouch™ kitchen Electric Staple Gun Tacker Kit. 
in-wall speakers. Approximate retail faucet with pullout spray. Available Includes cordless electric tacker, 
value: $329. in chrome/glacier, glacier, or sand battery (7.2 volt) and battery Tr - 
finishes. Approximate retail value: (1) Homelite Gas Powered String charger in a reusable case. (1) Duraliner? Truck Bedliner. 
$225. Trimmer (model HLT-18). Approximate retail value: $210. Approximate retail value: $250. 


Approximate retail value: $119.99. 
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(5) Minwax® sample kit of assorted (10) 1-year supply of 3M Filtrete 


! | -— ir Ki (5) QUIKRETE® cement repair filters (4 filters), in one of 11 
(1) Genie BVH 1020 wet/dry Shop products (7 products, approximately (5) RED DEVIL Home Repair Kit | apelin | ters), 
Vacuum & Power Blower. $85 per kit). (13 products, approximate retail ao (6 pren standard sizes. Approximate retail 
Approximate retail value: $139.95. value: $90 per kit). ined "ud oU per value: S60. 


©) Check here if you are planning a remodeling project in the next 12 months. 
C If yes, will new windows be part of your remodeling project? 


Name E 
Please Print 


Address 


(10) $50 credit on GM Master 
Card&. Approximate retail 


City State Zip 


cer | (1) case of Elmer’s® Squeeze- o. 
uen (1) Set Gillespie Refurbishing Kit?  NCaulk™ (botes assorted — | ° 
and Klean-Green Products™. colors). Approximate retail send to: Puzzle Sweepstakes 
Approximate retail value: $30. value: $20. P.O. Box 7697 


Melville, NY 11775-7697 


See official rules on back. 


GET RID OF YOUR GUTTERS! 
THEY CLOG, LEAK, FREEZE, RUST AND ROT. 


Hundreds of thousands of 
RainhandleR nave been installed 
on homes nationwide. They can be 
installed on yours in about 3 hours 
with a screwdriver. RainhandleR 


is virtually invisible, rustproof, amd RainhandleR 
comes in white, brown or alumi- | pee DO ee 
| num finishes. ] clog. Its patented 
For more information, send the louvers break up 
coupon to RainhandleR or call roof water into a 
1-800-942-3004 cr dedos le d 
and disperse them 
some distributor away from your 
territories are house. 
available. | STOP CLEANING. 
p You'll never climba 
shaky ladder again 
to clean a gutter. 
eesti comes | 
clean with a quick 
! | blast from your 
I garden hose- from 
i ground level. 
| J j| STOP WATER 
Dept. PS063 trom SAVETIME CORP. a 
1285 Boston Ave., Bridgeport, CT 06610 - | | DAMAGE. 
Please send me your free information kit. i RainhandleR in win- 
Name - i "lr | ter, proci E 
| ! inv Tl 
Address : helping to prevent 
City Il! clogs and ice dams | 
State Zip pl’ on the roof that 
i | i : otherwise lead to 
Phone ( ) water rot and leaks. 
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combination tool recently introduced by 
Ryobi, the 720r Gas TrimmerPlus. This 
innovative machine is a yard-worker's 
dream. It starts out looking much like a 
typical string trimmer, but the trimmer 
head can be easily removed and replaced 
by a number of interchangeable heads, 

| including a grass edger, vacuum, blower, 
and cultivator. 

The TrimmerPlus has a number of 
other well-thought-out features that make it 
an extraordinary value for gardeners and 
homeowners. These include a unique 
string-trimming head that can be rotated 
90 degrees to make vertical cutting easy, 
and a chrome-plated cylinder for extra 
durability and longer engine life. Ryobi also 


Credits: Architect Ira Grandberg & 
Associates, A.I.A. 
Builder B.E. Vaughan & Son. 
Photos Richard Haggerty Photography. 
Illustrations Edward Dumont. 


Landscaping Sherold D. Hollingsworth. 
Special thanks to: Carolina Tire Inc., 
FibreCem Corporation, Lyles Chevrolet, 
Randleman Road Ace Hardware. 


Quality products that really work. 
KLEAN-STRIP, DIV. W.M.BARR & CO. * 1-800-238-2672 


claims its 31-cc, two-cycle gas engine—as 
well as its 4. 7-amp electric version, the 
130r TrimmerPlus—are the most powerful 
units in their class. 

Changing attachments on this 
machine is literally a "snap," or what Ryobi 
calls a Click-Link. This system enables the 
user to connect or remove any of the 
operating heads by simply depressing one 
detent button on its shaft. This button 
locks the shaft in position, or frees it for 
removal, within a connecting bracket fixed 
to the main shaft from the powerhead. 
Two wing nuts on the bracket are finger- 
tightened to secure the connection. 

Of all the TrimmerPlus attachments 
we needed in our project, we were 
surprised to find ourselves using the 
cultivator head most often, and doing the 
hardest work with it. Loosening dirt to fill 


| | in ruts left by trucks, aerating compacted 


topsoil before the sod was put down, 
digging a new garden plot after the 
construction was done—the cultivator 
quickly became a favorite helpmate, and 
the TrimmerPlus has found a permanent 
place in our outdoor tool collection. 
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1. Complete the crossword puzzle on the preceeding page and hand- 
print your name, address and phone number in the space provided. 
Two different puzzles will be published, one in the 5/93 issue of 
Popular Science and one in the 6/93 issue, but either puzzle is 
acceptable as an entry. To recewe a puzzle, entry form and puzzle 


| answers write to: PUZZLE REQUEST, F.O. Box 7682, Melville, NY 


11775-7682. Requests must be mailed separately and be received 
by 7/31/93. Enter as often as you wish, but each entry and 

must be mailed separately to: PUZZLE SWEEPSTAKES, P.O. Box 
7697, Melville, NY 11775-7697. All entries must be received by 
8/16/93. Mechanically reproduced entries will not be accepted. 
Entries become the property of the sponsor and will not be returned. 
2. Winners will be selected, in a random 

answered entries 


ners will be notified by mail. Limit 1 prize to an individual or 
household. Prizes nontransferable; no substitutions 
except by sponsor who reserves right to substitute a prize of 


a winner of the $50 credit on a General Motors credit card 

does not have a General Motors credit card account, he or 

she will be provided with an if the application is 

denied, the prize will be awarded as $50 cash. There is no 

fee for applying for the credit card, nor is there a member- 

ship fee for the card. delest Miche rss masgitiecardei d 
| , and meals 


3. Sweepstakes open to U.S. residents except employees and their 
families of TIMES MIRROR MAGAZINES, its affiliates, subsidiaries, 
advertisers, advertising agencies, and Don Jagoda Associates, Inc. 
Pg dore es e E gine state and local laws. 
4. For a list of major winners, send stamped, self-addressed 
envelope to: POPULAR SCIENCE CROSSWORD WINNERS 
LIST, P.O. Box 7619, Melville, NY 11775-7619. 


THE PRODUCT. 
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Inspect this 76-Piece Professional-quality Tool Set for 30 days, absolutely free (with credit approval). 
A value second to none, this unique Master Craft™ tool system assembles complete sets of SAE and metric sockets 
(standard and deep well, plus bits for most fastening systems, in a well-organized custom plastic case. All are 1/4" drive, 
and you have your choice of Ratchet, “T” Bar or Spinner handles. Constructed of top-quality chrome-vanadium steel to 
meet demanding American National Standards, these tools are tough enough for years of hard use, yet small enough to 
reach into tight places. And each piece carries our lifetime repair or replacement warranty. 


THE STEAL. 


This 76-piece set of professional-quality tools is yours for only $39.99*. 
Professional-quality tools like this usually cost more. A lot more. That's why we're giving you an entire month to try them 


*) 


out before you risk a penny. 
ions asked. 


76 Chrome-Vanadium Steel Tools in 1 Unique Set: 


« 1/4" DRIVE RATCHET * STANDARD METRIC 
HANDLE SOCKETS 


4mm, 4.5mm, 5mm, 
5.5mm, 6mm, 6.3mm, 


* SPINNER HANDLE 
* SLIDING "T" BAR HANDLE 
«3° STANDARD EXTENTION 
+ 1/4" DRIVE BIT ADAPTER 
«DEEP WELL METRIC 

* STANDARD SAE SOCKETS SOCKETS 

B PT: 5/32", 3/16"" 7/32", mm, 7mm, 8mm, 9mm, 

1/4", 9/32", ae mar 10mm 

3/8. 76. 1/2" 

8 PT: 1/4, 5/16", 1/2" » POZI BITS: #1, #2, #3 


* CLUTCH BITS: C1, C2 


mm, mm, ümm.10mm, 
lu 12mm.13mm,14mm 


* DEEP WELL SAE SOCKETS 


3/16", 1/4", 5/16", 3/8", 7/16 


FINGERHUT LIFETIME LIMITED WARRANTY 
Fingerhut is proud to offer the Master Craft™ line of professional-quality tools. 


* HEX BITS | 
Metric: 2.5mm, 3mm, 


ámm, 5m m, 6mm im 
SAE: 1/16". 7 B4: . 4/32". 
1/8", 5/92". a6" 7/22" A E- 


«4-POINTBITS:R1,R2 — | 


« 6-POINT BITS: T10, T15, l 
T20, T25, T27. 130 i 


e PHILLIPS BITS: 0,1,2,3 | 


* FLAT BITS: 4mm, 4.5mm, J 
5.5mm, 6.5mm 


* HIGH-IMPACT PLASTIC 
STORAGE CASE 


m E- 


Craft" tool breaks during normal use, Fingerhut will happily replace or repair the item free für | 
the lifetime of the product. For a complete copy of this warranty, write to: Warranty Information, 
11 McLeland Road, St. Cloud, MN 56395. Please specify Master Graft™ 76-Pc. Tool Set. (A | 


y is enclosed with each set. 
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If you don't agree they're among the best tools you've ever used, return them with no quest- 
But if you find yourself reaching for them again and again, keep the Set, pay in four low monthly payments, 
and congratulate yourself on finding one of the best tool values around. Order your Free Trial Set today. 


Imported. 


(with credit approval) 
MAIL TO: Fingerhut Corporation, Box 2500, St. Cloud, MN 56395-2500 


Please send me the 76-Pc. Master Craft™ Tool Set for my 30- 


day Free Trial. 
Product Code $8520 
Name 
Address 
City = . State — Zip 
Home Phone ( ) Date 


If | am rcd with my 76-Pc. Master Craft™ Tool Set at the end of my 30-day Free Trial, | agree to ay the cash 
price of $39.99 plus shipping and handling (total cash price of $46.96) in 4 monthly installments of $11.74 each, 
Sales or use tax will be added where applicable. | understand that | may return the Tool Set at my expense if | am 
not completely satisfied at the end of my 30-day Free Trial. This order is subject to approval of my credit by 
Fingerhut. Offer good in USA only, including APO/FPO. 


Please Sign "4 | 


| 
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Real estate is cheap here, but the places you’d 
most want to visit are still under construction. 


BY MICHAEL ANTONOFF 


irtual reality. What a concept. To be precise, it is 
the human experience of perceiving and interact- 
ing through sensors and effectors with a comput- 
er-modeled environment. Someone who "travels" 
to a virtual world is immersed in simulated sight 
and sound, and even touch. Ideally, the experi- 
ence is presented so well that it excludes consensus reali- 
ty, that is, the real world. Unlike canned computer 
graphics, virtual reality images are generated on the 
fly based upon where you look and go. The comput- 
er personally orients the images according to 
movements it picks up from sensory devices like 
head-mounted displays (HMDs), data gloves, 
or exoskeletons you're wearing. Fashion suc- 
cumbs to function when you're dressed for 
success in a virtual world. 
Its Monday night at Mall of America 
in Bloomington, Minn., and a line has 
formed by a cordoned-off corner of a 
cavernous sports bar. The sign over- 
head says Virtuality. Four circular 
platforms are each occupied by a per- 
son wearing an HMD and holding a 
two-button joystick. Seemingly 
oblivious to their real surround- 
ings, the cybernauts jerk their 
bodies around as if they're in pur- 
suit—or being pursued. A waist- 
high ring built onto each platform 
keeps them from falling off. The 
players have paid $5 each for five 
minutes of time to play something 
called Dactyl Nightmare. Four 
monitors show bystanders the 
views seen by each participant. But 
now the game is over, and it’s my 
turn to suit up. 
As I put on a belt pack, an atten- 
dant tightens the visor over my glass- 
es like a blindfold. I'm given about a 
minute to orient myself in a cartoonlike 
world. The resolution is noticeably lower 
than the pictures on the monitors. Push- 
ing a button on the joystick moves me for- 
ward in the picture. I can also turn around 
180 degrees, look up over my shoulder, or 
squat down, and the view adjusts accordingly. 
“Insert credits,” booms a disembodied voice 5 
from within the helmet. 
The game begins. I’m wandering around a set of $ 
platforms suspended in space. I climb stairs and walk = 
around pillars. I encounter characters controlled by the £ 
other players. Pressing the second button on the joystick 2 
fires a shot. You win the game by shooting other players and : 
avoiding being shot yourself. But there's also a large winged ; 
creature to watch out for. If you fail to shoot it in time, it will 3 


POPULAR SCIENCE JUNE 1993 ¢ 83 


SLATE 
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grab you in its teeth, carry you into the sky, and then hurl 


you to your death. Death is only temporary in this world, 


though, since you're soon back on your feet, looking over 
your shoulder, and desperately trying to avoid that killer 
pterodactyl. 

The display is slightly disorienting, particularly as you're 
being hurled back to Earth. When you're stalking or being 
stalked by another player, you can build up quite a sweat, 
which is compounded by the tight-fitting helmet. It wasnt 
long before my glasses had completely fogged over and all I 
could see were patches of color My head felt like it was 
trapped inside a pressure cooker. Suddenly, the game was 
over. I waited for the attendant to remove the helmet and, I 
hoped, hand me a towel. Next time I swore to first remove 
my glasses—and to find an installation that wasn't en- 
grossed in Monday Night Football. Despite the headgear, 
Dactyl Nightmare failed to isolate me entirely from the roar 
of the crowd and the smell of the beer. 


firtual reality was pioneered about 30 years ago when 
WEN Ivan Sutherland, a computer scientist, built his own 
. HMD. The viewer seemed to propel himself among ge- 
ometric shapes. Sure, you had to suspend your disbelief 
then, as you do now, but the illusion has gradually. im- 
proved. In the '80s at NASA's Ames Research Center in 
Moffett Field, Calif., one of the centers of virtual reality re- 
search, data from a Mars probe was fed into a computer, 
and a three-dimensional model was created for Earth-based 
explorers. When you put on an HMD, the program projected 
a Mars landscape onto screens that enveloped your entire 
vision. Your perspective into the simulated picture adjusted 
as you turned your head or projected yourself forward. Pi- 
lots training on flight simulators have also become experi- 
enced travelers into virtual reality. The Pentagon's Ad- 
vanced Research Projects Agency (ARPA) has been one of 
the big spenders in virtual reality research. Tank comman- 
ders now train in a simu- 


lated desert battle- V d || ly | 
vM, 


field lifted from the 


ICE n asy 


airborne or flying mouse. 


Parts of a U-joint were first 

created in AutoCAD (right). 
DN three screens me 

motion sequence 
Autodesk’s Cyberspace 

Developer Kit. The operator 
wears a head-mounted dis- 
play built by Virtual 
Research and moves the 

pieces of the virtual U-joint using an 


war with Iraq—except that they're actually inside a build- 
ing in Arlington, Va. 

By this Christmas, though, ARPA’s corner on virtual tank 
battles could be gone. One of the first cartridges for a new 
virtual reality system for home use will be a tank battle 
game. To play the game, you'll need an HMD, tentatively 
called Sega VR, that plugs into a Sega Genesis video game 
console. The company claims that Sega VR will deliver a 
“feeling of total immersion in a completely realistic 360-de- 
gree game world by using three-dimensional, stereo-optic 
vision and depth perception.” 

The lightweight color display will fit over your eyes and 
ears. Since one size fits all, you'll have to adjust the fasten- 
ers so that the helmet is comfortably snug—and blocks out 
everything around you. A built-in head tracker—a device 
that tells the computer what direction you’re looking—will 
let you turn your head so that you can see if anything is be- 
hind you. Thus, if you’re flying north in a flight simulation 
game and you look south, you'll be able to see if an enemy 
fighter is creeping up on you. 

Sega VR will sell for $200—considerably less than the 
thousands of dollars charged for professional HMDs, which 
are manufactured in limited quantities. At least four 
games, focused on shooting, flying, driving, and fantasy ac- 
tion, will be released with Sega VR this fall. Pressing the 
buttons on a standard Genesis controller pad will move you 
forward, left, right, backward, change your elevation, or fire 
a missile in the virtual world. 


that a head-mounted display is the minimum point 
of entry. Although there has been much talk about 
bodysuit-fitted virtual reality, particularly in men’s maga- 
zines, that level of immersion has yet to make it out of the 
laboratory. Typically, only the hand is clothed—in a data 
glove or rigid exoskeleton input device. Spines of fiber in the 
Lycra data glove, for example, signal an illustrated hand 
that mimics your own hand in the virtual world. To move 
forward, you point in the direction you want to go. To pick 


M: people in the virtual reality community believe 


up a virtual object, you move the 
image of your hand over the ob- 
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EN ty ject, such as a simulated 
a, molecule, squeeze, and the ob- 
&e — The computer-simulated ject sticks to the hand. The 
= kitchen is rendered on the trouble is, gloves stretch, 
= University of North Carolina they lose shape, and with 
wa graphics engine, Pixel-Planes that, so goes calibration. Too 
p 5. You can walk through the much garbage in. Lately, 
w^ puce, open cabinet doors, rigid exoskeletons have come 
and pick up pots and pans. into favor as the voyeur's 


pointer of choice. 
The advantage of having ges- 
tures read directly off your hand is 
that it's more natural than groping for a mouse. Once har- 
nessed, you can pay more attention to the application at 
hand. If you're a surgeon, it might mean pulling gallstones 
through inner tissue with the help of a tiny video camera 
and a head-mounted display. By transmitting robotic sig- 
nals and video long distance, physicians could even examine 
patients in the tundra without leaving home. Miraculously, 
Dr. Joel Fleischman of TV's Northern Exposure could even 
return to Manhattan before his indentured servitude is up, 
and become Cicely's virtual doctor. 

For now, data gloves and exoskeletons are less prevalent 
than controllers you grasp, such as a flying mouse or space 
ball—the off-the-desk offspring of a mouse or track ball. 

Depending on the system, a virtual world (also referred to 
as cyberspace) can be shared by more than one user at a 
time. Thus, you may encounter other animated figures with 
minds of their own walking through a virtual landscape. If 
you're lucky, the program has great graphics too. 


lonferences and publications about virtual reality are as 
widespread now as those that rallied around the multi- 
media flag two years ago. If you believe the hype, virtu- 
al reality is virtually at your service already. It is making 
training simulations more realistic than ever, turning finan- 
cial managers into masters of the universe, endowing sur- 
geons with X-ray vision, reducing the national debt by let- 
ting soldiers blow up virtual tanks instead of real ones, and 
entertaining you in ways that Hollywood films and videos 
could never hope to match. 


Yet, pending introduction of Sega's VR, virtual reality m - 


has yet to make it into the living room. According to one 
market research firm, 75 percent of the nearly $50 million 
spent last year by virtual reality-related firms for nonmil- 
itary applications went into research and development. 
Developers seem to outnumber customers. In fact, the 
single-most talked about use for virtual reality at con- 


ferences isn't a mass consumer application at all. It's some- 
thing called experiential prototyping—simulating a ma- 
chine part or architectural layout, for example, and letting 
designers and clients try it out to see what changes are 
needed before proceeding to actual construction. 

One of the first commercializations of experiential proto- 
typing is found in a Matsushita showroom in Tokyo called 
Kitchen World. Using an HMD and glove, couples can walk 
around a simulated kitchen they've picked out for their 
home, equipped with their choice of cabinets and appli- 
ances. They can open drawers and put dishes away on top 
shelves to see whether they can reach them. They can am- 
ble about to get a sense of whether the space is adequate. 
They can even turn on the faucet and listen to the running 
water. When they lean forward, the sound of the water 
seems to resonate off the sink, as one would expect. 

As is the case with almost all virtual worlds, this one is 
still a work in progress. Matsushita plans to revise the soft- 
ware so that visitors to Kitchen World will be able to adjust 
the lighting fixtures and, one day, tour a whole house. Even- 
tually there will even be his-and-hers HMDs, so that newly- 
weds can share the vision together rather than one at a time. 


ers. At SRI International, a research and development 

organization in Menlo Park, Calif., ground crews can be 
taught to herd aircraft long before they actually step onto 
the tarmac. Trainees put on an HMD and data glove. Ges- 
tures really count here, since giant planes appear to be 
looming overhead—even though the trainee is standing in a 
small room. According to Tom Piantanida, principal scien- 
tist for perceptual research at SRI’s Sensory Science and 
Technology Center, the system virtually eliminates calami- 
tous accidents. No repairs are required when a trainee di- 
rects a pilot to smash a wing into the wall of a virtual 

hangar. 


we T M", Sports training is an- 


Tess is an obvious target for virtual reality develop- 


other area in which 
virtual reality is 


A combatant in the 
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making inroads. On a prototype ski 
training system developed by NEC 
Corp. of Tokyo, a virtual skier dons an 
HMD and ski boots while standing on 
piston-actuated metal plates. The 
plates simulate the slopes and bumps 
of a downhill course. A graphics work- 
station generates the images, and a 
personal computer controls the system. 

What makes NEC's approach unique 
is that a finger sensor measures the 
flow of blood through the body. Àn in- 
crease in blood flow is taken as an indi- 
cation of heightened stress, and the 
virtual slope becomes a bit gentler. If 
blood flow is stable, the system figures 
the user is too relaxed and makes the 
course more challenging. 

How close does virtual skiing come 
to reality? No one is going to come off 
the trainer and win downhill races. 
The movement of the plates doesn't 
quite feel like the real thing, the screen 
image is a caricature of a ski slope, and 
no matter how off-balance you get, 
your skis won't slip out from under 
you. This is just as well since you 
would land on hard steel rather than 
powdery snow. 

Its useful, though, for practicing 
steering by shifting your weight. 
Slalom gates come up and you can ma- 
neuver around them pretty much the 


rll never 

forget my first virtual 

reality "trip." | suited up 

for the experience by don- 

ning a pair of video goggles and a glove 

wired to pick up my finger movements. A 

headset-mounted device tracked my body 
position. 

My "coach" explained that | would use 
hand signals to move around in the three- 
dimensional world | saw through the gog- 
gles. By pointing my index finger at objects, 
| could fly toward them. To grasp objects, | 
would curl my fingers around them. A dis- 
embodied hand mirrored the movements of 
my real hand and marked my place in the 
computer simulation. 

The virtual world | stepped into looked 
nothing like the real world | had left behind. 
There were only a few, simple objects in 
sight. | saw a swimming pool, a rubber 
duck, a top hat floating in midair, and a red 


| tower. When | grabbed the hat, it disap- 


peared. My coach laughed. “It's a magic 
hat,” he explained. ' | 

He told me to look up, and | saw a fluffy 
cloud. "If you point at it, you can go up in- 
side it," he said. So | zoomed up into the 
cloud, where | was immediately surround- — 
ed by gray fog. | came out a moment later 
and flew away. 

Suddenly my coach, who had been talk- — 
ing with someone else in the room, 
glanced at a monitor that showed him what 
| was seeing. “Uh-oh!” he said. "Usually we 
put a ceiling on our worlds, so you can't go 
too high. But we just created this world last 
night, and we didn't have time to add the 
ceiling. 

"You're way up in the sky," he said. "See 
that dot there?" he asked, turning me to- 
ward it. "That's the tower. Point your finger 
at it, so you can fly back down there." ; 

| aimed at the speck, and it began to 
grow larger. | was speeding toward the 
ground, diving faster than a hawk after a 
rabbit. Sweat beaded up on my forehead, 
and the muscles in my gut clenched into 
the sort of knot that forms when you're in 
the front seat of a roller coaster with your | 
hands over your head. The visual simula- 
tion was so overwhelming that | didn't no- 
tice my ears weren't popping and my feet 
were planted firmly on the floor. 

| landed by the swimming pool and 
peeled off the goggles. As | looked around 
at the real world, | had a new appreciation 
for its rich detail—and for my own sug- 
gestibility.—Dawn Stover 


way you would on a real slope. There 
are presently no plans for commercial- 
ization, but research on using physio- 
logical feedback in virtual reality systems is continuing. 

Using virtual reality to interface with complex data is an- 
other target for developers. Consider a stock fund manager 
responsible for tracking the performance of thousands of 
companies around the world. Rather than dealing with text 
or flat graphs, developer Maxus Systems International in 
New York displays information dynamically in a spatially 
arranged world. Imagine circling the equivalent of Manhat- 
tan Island in a helicopter with the ability to swoop down for 
a closer view of individual skyscrapers. The buildings are 
actually 3-D bar graphs that sport corporate logos. The 
columns shrink and grow in relation to the corporations' 

stock values, and particular stocks 
Sega VR is a lightweight can be clustered in neighborhoods 
head-mounted display for by industry or continent. Blinkers 
Genesis systems. Audio and spinners can be added to the 
headphones and a head-po- tops of the bars to attract attention 
sition tracker are built in. if, for example, the value of a stock 
starts to fall. If you get lost in 
space, the cyberspace equivalent of 
navigating into the non-graphics 
void, a double tetrahedral icon 
| with a female voice 
5. named LIA (for Limited 
— Intelligent Agent) can 
be called upon to lead 
you back to populated 
cyberspace. 

The picture can be de- 
livered in several ways. 
Rather than strapping on an HMD, 
a financial manager can peer into a 
periscopelike display, such as the 
Molly made by Fake Space Labs in 
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Menlo Park, Calif. The manager can easily look away from 
the Molly to speak with colleagues on the trading floor. 

Alternatively, the user can put on stereoscopic glasses 
like CrystalEyes from Stereographics Corp. in San Rafael, 
Calif., which contain battery-powered shutters that allow 
wearers to perceive depth in a picture on a monitor. Shutter 
glasses are expensive, as are the $6,000 liquid-crystal-dis- 
play panels that can be placed on a standard overhead pro- 
jector, so the image can be shared on a big screen. The ad- 
vantage of the latter setup is that disposable glasses can be 
distributed to students or theatergoers, and they all get the 
same effect. Call it retro 3-D: Creature From The Black La- 
goon fitted to computers. 

Today's depth perceivers go see live performance art such 
as the work of George Coates in San Francisco, where the 
audience can almost reach up and touch objects hovering 
above them. At a recent virtual reality conference in New 
York, 3-D mania appeared to have taken hold, even envelop- 
ing spreadsheet users. What is one to make of virtual Excel 
with bar graphs so eerie that their shadows follow you 
around? Yet people attired in 3-D glasses still look comically 
dweebish. Crew cut, anyone? 


on the hit list of virtual reality developers in search of 

clients who can afford the development costs. One of 
the more intriguing applications for medical imaging 1s un- 
der development at the University of North Carolina at 
Chapel Hill. A physician wearing an HMD sees ultrasound 
images as he scans a pregnant woman's uterus. Video cam- 
eras or see-through windows may be placed on both sides of 
the HMD so that the ultrasound images of the fetus are su- 
perimposed on the external view. Instead of having to look 


[Continued on page 124] 


T he medical community, like the financial community, is 
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front suspension provides dards of quality that are 
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technolo TTi 


19th century 


= 


is finally 


earing fruit. 


its fuel of 


hydrogen. 


BY P. J. SKERRETT 
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Common batteries and fuel cells both produce electricity by exploiting electrochemical reac- 
tions. In fuel cells, the process starts by feeding natural gas into a device called a reformer 

(1), which extracts pure hydrogen from the complex gas. Carbon dioxide (2) is expelled from 

the reformer. Hydrogen is forced into the cell (3), triggering an avalanche of chemical reactions: 

A catalyst on the anode pulls negatively charged electrons from the gas (4) and deposits positively 
charged ions in the electrolyte where they dissolve (5). Oxygen introduced from the cathode (6) gives 
this section of the cell a positive charge, which pulls free electrons to it, creating direct-current electricity (8). 
The oxygen also binds with dissolved hydrogen ions in the electrolyte, producing water (7). Direct-current 
electricity passes through a converter to produce alternating-current electricity (9). 
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beige, bus-size metal container sits quietly in a 
Los Angeles office parking lot. Drivers rushing 
i past on the Pomona and Orange freeways a 
hundred yards away don’t give it a glance. Workers 
headed into the South Coast Air Quality Manage- 
ment District headquarters pass it by. Plainness 
cloaks the miracle underneath: This box 


hides an electric generator that has no 
moving parts. It burns no fossil fuels. It 
makes no noise. And as it creates electrici- 
ty, it produces pure, drinkable water. 

This elegant device is called a fuel cell. 
In principle, it is like a battery that sup- 
plies electricity when fed hydrogen and 
oxygen. “There’s no other technology 
around like fuel cells,” says Edward Gillis, 
manager of the Electric Power Research 
Institute’s (EPRI) fuel cell program in Palo 
Alto, Calif. “They’re basically black box- 
es—you put fuel in one end and get elec- 
tricity out the other—with great fuel effi- 
ciency and low emissions.” 

This quiet, flexible, and clean technology 
is poised to turn the corner from relative 

obscurity to mainstream use. Fuel 
cells come in many different 
bh sizes to perform a variety of 
See tasks. Portable battery-size 
= units for powering video 
cameras and laptop computers 
a are now entering the market. 
N The Southern California 
bh Gas Co. already has ten 
200-kilowatt plants on-line, 
delivering electricity to a 
Hyatt Hotel, three hospitals, a 
county jail, and several other Los 
Angeles locations. And an ambi- 
tious two-megawatt utility fuel cell 
is planned for a demonstration run 
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in 1994, with more compact units that can supply all of a 
home's heat and hot water slated for the following year. 

Today's fuel cells are rooted in the work of Sir William 
Grove, a British judge and gentleman scientist who in 1839 
built the first one. They remained an obtuse curiosity for 
tinkering chemists, electricians, and engineers until NASA 
resurrected the technology as an ideal solution to providing 
Apollo, Gemini, Skylab, and now space shuttle astronauts 
with both electricity and drinking water. Unfortunately, 
the cost of these devices during the 1960s and 1970s was 
nearly as high as their orbits—$100,000 per kilowatt, lim- 
iting their use to cost-be-damned situations. 

Why the new interest? Manufacturers are learning how 
to make fuel cells more quickly and for less money, closing 
the economic gap with conventional means of generating 
electricity, More important, environmental concerns are 
nudging fuel cells toward mainstream use. They don't gen- 
erate nitrogen oxide or sulfuric oxide, major ingredients in 
the alphabet soup of urban smog and acid rain. And be- 
cause fuel cells are far more efficient than internal combus- 
tion engines, they generate far less carbon dioxide—the 
chief "greenhouse gas." 

"Ten years ago, fuel cells were ignored because of their 
high cost. Given their remarkable environmental benefits, 
that situation is changing fast," says W. Peter Teagen, an 
energy analyst with Arthur D. Little, a consulting research 
firm in Cambridge, Mass. He estimates that if fuel cells re- 
placed traditional methods of. generating electricity, emis- 
sions of carbon dioxide would drop by 40 to 60 percent and 
nitrogen oxide emissions would fall by 50 to 90 percent. 


batteries. Like batteries, fuel cells are made of two elec- 
trodes sandwiched around a conductive electrolyte. At 
the anode, precious-metal catalysts, such as platinum, rip 
away electrons from hydrogen gas. The electrons flow into a 
direct-current circuit, then to some external load, while the 
electronless hydrogen ions dissolve in the electrolyte. At the 


Te versatile power plants are closely akin to ordinary 
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differ in the material 
used as an elec- 
trolyte. Some 

span many a 

tions; pe add 
fuel cells, for exam- 

ADVANTAGES: 
ple, can be used for ADVANTAGES: Most developed and 
everything from small T nores hid tested technology; 
batteries to 11-kilo- toler easy to upgrade for 
watt generating sta- efficiency. base rn 
tions. Molten carbon- V BiCABVANTAGES- DISADVANTAGES: - 
ate and — Very expensive. 

9$, WOWEVI, APPLICATIONS: 
require high operating Provides the space 
temperatures and are shuttle with electri- — 
best used when the diy end drinking wi- | 
situation calls for lots ter. Also, some 


of raw power. tay applications. 


FIVE FUEL CELL TECHNOLOGIES 


cathode, neutral oxygen molecules pick up electrons, com- 
pleting the circuit, and form negatively charged oxygen 
ions. These react with the dissolved, positively charged hy- 
drogen to form water (see diagram on page 88). 

As long as there’s a constant stream of fuel and oxygen 
flowing into the cell, it generates a steady electric current, 
heat, water, and in some cases a nominal amount of carbon 
dioxide. The current is determined by the cell’s surface 
area: A single small cell produces one volt or less. If fuel 
cells are piled up like pancakes, and separated by conduc- 
tive but impermeable separators, their output rises. A fuel 
cell “stack” of just a few small cells yields several watts; 
dozens of meter-square cells, on the other hand, can gener- 


ate hundreds of kilowatts. 

Never are the materials used as electrolytes. NASA, 
for example, uses alkaline potassium hydroxide ver- 

sions to generate electricity and water for the space shut- 

tle. But the most versatile, dependable performers with 

long research and development track records are phospho- 

ric acid and solid polymer fuel cells. 

The fuel cell generating electricity for the South Coast 
Air Quality Management District, like the others popping 
up in the Los Angeles area, is a phosphoric acid model, 
PAFC for short. These bus-size power plants, made by Con- 
necticut-based International Fuel Cells Corp., each cost 
about $575,000 and generate a sustained peak output of 
200 kilowatts of electricity at a 40 percent fuel-to-electrici- 
ty ratio. If the 750,000 Btu of heat simultaneously generat- 
ed every hour are used to heat rooms or water, as happens 
at many of the Los Angeles test sites, the overall efficiency 
climbs above 80 percent. Even the best fossil-fuel-based 
generators are lucky to reach a 35 percent efficiency. 

PAFCs will eventually come in a range of sizes. At one 
end of the spectrum, Sanyo makes a portable 24-volt, 250- 
watt phosphoric acid fuel cell for powering a television at 
the beach or outdoor lights for a summer's eve lawn party. 


ot all fuel cells are created equal. What sets them 
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Efficient, practical electric cars have been the holy grail of automo- 
tive manufacturers for the past decade. Fuel cells offer a new way to 
reap the benefits of electric vehicles without the limited range and 
long recharge times plaguing current battery-powered designs. 

One engineering mule on the road now is the "Green Car," devel- 
oped by the Florida-based Energy Partners. Its energized by two 
ten-kilowatt solid polymer fuel cells that power a 57-horsepower 
electric motor capable of pushing the two-seater faster than 90 mph. 
A thigh-high canister of compressed hydrogen is good for about 125 
miles of highway driving. Refilling the tank takes about four min- 
utes—two hours and 56 minutes faster than a battery recharge. 

Major automakers are also starting to eye the technology. As part 
of a project sponsored by the Department of Energy (DOE), engi- 
neers at General Motors' Allison Turbine Division plan to deliv- 
er a prototype car that runs on a methanol-powered fuel cell 
by 1997. Ford, too, is initiating its own project, but don't ex- 
pect to see fuel cell cars on the market for atleast 15 years. gis 

Fleets of fuel cell buses may be on the road long before {| 
cars. Ballard Power Systems of Canada recently rolled out 


The 60-pound system uses pure hydrogen for fuel and runs 
for 100 minutes on each canister of gas. On a larger scale, a 
power plant in Tokyo uses 18 giant PAFC stacks to gener- 
ate 11 megawatts of electricity. Phosphoric acid systems 
probably won't grow much larger than this over the next 
decade, says Marino Woo, director of international fuel cell 
sales and marketing for Fuji Electric. Up in the multi- 
megawatt range, fuel cells compete with highly efficient, 
clean-burning, and very cost-effective gas turbines. 


membranes (PEM), are trickling into mainstream use. 
With their low operating temperatures, durability, and 
rapid adjustment to shifting power demands, PEM cells 
will probably find their first commercial applications in 


$:- polymer fuel cells, also known as proton exchange 


- FUEL CELLS HIT THE ROAD 


its first prototype, a 21-seat bus that runs on a bank of five-kilowatt 
solid polymer fuel cells. And a DOE-sponsored consortium is con- 
structing a 30-seat bus with a phosphoric acid fuel 
cell at its heart. 

Besides the environmental benefits, fuel cells 
could help cut petroleum use. Overall efficien- 4 
cy for fuel cell cars hovers around 30 per- ^ 
cent, compared with about 10 percent 
for internal combustion 
engines.—P J. S. 


can be used to heat enough water to spin an additional, 
conventional electric turbine. What’s more, high operating 
temperatures allow these systems to operate directly off 
common natural gas rather than rarefied hydrogen. 

One molten carbonate developer, Energy Research Corp. 
in Danbury, Conn., has already put a 234-cell, 70-kilowatt 
stack through test runs at Pacific Gas and Electric Co.'s 
fuel cell lab in San Ramon, Calif. The company plans to 
have an operational two-megawatt plant for the city of 
Santa Clara, Calif, by the end of 1994. The operational 
success of this tennis-court-size system will automatically 
trigger orders for 50 similar units, thanks to a novel part- 
nership between Energy Research Corp. and a group of in- 
terested customers. 

Solid oxide fuel cells are the real wunderkinds of the fuel 


portable battery substitutes, home co- 
generation systems, and cars. (see 
Fuel Cells Hit the Road.) Innovative 
manufacturing techniques are shav- 
ing the cost of solid polymer fuel cells 
from $1,000 a square foot to just $5 a 
square foot. 

New Jersey-based H-Power has big 
hopes for its tiny PEM cells. Its 25- 
watt NoCad VidPaks are designed to 
replace the nickel-cadmium batteries 
used in video cameras. The pack fits 
right into the camera's battery slot. A 
small cylinder of hydrogen plugs into 
the pack, providing the necessary fuel. 
Press the record button, and the pack 
silently sends juice into the camera for 
up to two hours. The company is also 
working on a 16-hour PEM power 
pack for laptop computers that's no 
bigger than a conventional battery 
and a 20-year smoke detector. 

For big blasts of sustained electrici- 
ty, researchers are turning toward two 
somewhat less-developed types of fuel 
cells: molten carbonate and solid ox- 
ide. Both promise fuel-to-electricity ef- 
ficiencies in the 50 to 60 percent 
range. They also operate at higher 
temperatures—molten carbonate at 
650°C and solid oxide near 1,000°C 
—meaning they produce steam rather 
than water as a byproduct. This steam 


FEEDING FUEL CELLS 


Getting maximum performance from a 
fuel cell requires feeding it the right fuel. 
“These things are meant to run on hy- 
drogen, not something else that first has 
to be turned into hydrogen,” explains 
Joe Maceda from New Jersey-based 
H-Power. 

Today, hydrogen isn't exactly a hot 
commodity. Some is used to refine 
petroleum, make chemicals, and pro- 
cess foods; NASA propels the shuttle in- 
to space on rockets that burn liquid hy- 
drogen. Hotter burning fuel cells can run 
directly off natural gas, but as a result 
they emit carbon dioxide. A device 
called a reformer can render hydrogen 
from natural gas for fuel cell operations, 
but reformers drain energy from the sys- 
tem and also produce carbon dioxide. 

Science fiction writers and energy fu- 
turists have long dreamed of a hydro- 
gen-based economy where the world is 
energized by clean-burning hydrogen 
derived from renewable sources. Split- 
ting water with photovoltaic cells to 
harvest hydrogen gas has been sug- 
gested, but is still a long way off. While 
fuel cells fit right into this scenario, 
gearing up hydrogen production and 
building a delivery infrastructure will 
take time and money.—P. J. S. 


cell industry, being the most difficult 
to refine yet holding the most promise. 
They are meant for big, high-power 
applications that demand plenty of 
electricity all the time—industrial and 
large-scale central electricity genera- 
tion are key candidates; solid oxide fu- 
el cells have even been proposed as 
power plants for oceangoing ships. 
One design pursued by Westinghouse, 
where the solid oxide concept was first 
cooked up in the 1950s, features an 
array of meter-long tubes. Each cylin- 
drical cell contains the cathode, or air 
electrode, on the inside of the tube and 
the fuel electrode on the outside of the 
tube, with a thin layer of solid oxide 
electrolyte sandwiched in between. 
Single tubes work well in the lab, with 
some devices lasting up to 15,000 
hours. Westinghouse also has a 25- 
kilowatt stack of solid oxide fuel cells 
producing electricity in Japan. 

Ztek, a small Massachusetts start- 
up company, has different ideas for 
solid oxide fuel cells. Its approach is 
far simpler than the one used by 
Westinghouse, says company presi- 
dent Michael Hsu. Instead of tubes, 
Ztek presses the electrodes and elec- 
trolyte materials onto a ridged disc 
that resembles the top of a soup can. 

[Continued on page 120] 
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There's more technology 
than meets the eye 
in today’s energy-efficient 
“superwindows.” 


BY ALEX WILSON 


or years, you could count on it: Windows were 
the same. They had wood or aluminum frames 
and glass panes. They let in too much cold in the 
winter and heat in the summer. To upgrade 
them, you added storm windows. “I think we 
had gone 30 or 40 years without any major im- 
provements in glazing,” says Susan Marvin, vice 
president of Marvin Windows in Warroad, Minn. 

In the last decade, that all changed. Dramatic, far- 
reaching innovations have appeared, such as coatings 
that let in light, but not heat; energy-saving inert-gas fill- 
ing between panes; suspended plastic films; and heat- 
stopping edge spacers. Side benefits of these superwin- 
dows include comfort and protection against damaging 
(and fabric-fading) ultraviolet radiation. The only thing 
that has stayed the same about windows, it seems, is that 
you can still see through them. 

"I'm sure it's confusing the homeowner,” says Marvin, 
whose company is one of the nation's “big three" window 2 
manufacturers. (The others are Andersen Corp. of Bay- £ 
port, Minn., which is the largest, and the Pella Corp. of ? 
Pella, Iowa.) But as with many things, she says, fore- $ 
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Bm n" : out. Radiative energy transfer oc 
I] È | E E . yersin several ways. Sunlight — ` 
L ee hd (short-wavelength radiation) is 
M ae mE transmitted directly. through most 
"B mc ^ windows. And radiant heat (infrared 
| | | radiation) is absorbed by glass and 
E " then reradiated. 
BEC 
v x d 
Air rises against the warmer glass 
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surface in the space between the 
panes. These convection currents of 
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pane of glass to the other. 
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Thermographic images show the performance advantages of a superwindow 
(right), with an R-8 insulative value at the center of the glass. The cool colors 
of the conventional insulated window show it loses far more heat. 


warned is forearmed: Choosing new windows is easier when 
you understand how they work and how energy moves 
through them. Take a closer "look" through the glass, and 
you ll find the many tricks that can make mere panes act as 
energy efficient as walls. 

Understanding windows starts with the glass, or glazing. 
Glazings do three basic things, says Jim Krahn, Marvin's 
manager of advanced research: They let light in, they let you 
look out, and they isolate the indoor environment from out- 
doors. Just how they do this is where it gets complicated, say 
experts including Jim Larsen at Cardinal Insulated Glass, a 
glazing maker in Minnetonka, Minn. Most glass is transpar- 
ent to sunlight, which is short-wavelength radiation. But 
glass absorbs radiant heat, or long-wavelength infrared radi- 


As better windows became available in the 


SORTING OUT THE RATINGS GAME 


ation, warming up in the process. In turn, the glass radiates 
this heat both outward and inward. Part of the reason that 
multiple layers of glass are more thermally efficient is be- 
cause this radiation-absorption-reradiation happens with 
each pane of glass, slowing heat loss. Indeed, this was the 
strategy for improving energy performance until the 1980s, 
says Tim Johnson, a researcher at the Massachusetts Insti- 
tute of Technology. But today that's not the only one. 
$i or low-e, coatings have revolutionized 

glazing, explains Johnson. The low-e coating is usually 
applied to the outer surface of the inner pane of glass. The 
glazing transmits sunlight almost as well as conventional 
glass, and as with regular window glass, heat from indoors 
is absorbed by the inner pane. But what's different is that 
the low-e coating blocks heat reradiation from one side, so 
heat reradiates to the inside only. (If keeping heat out is 
more important than keeping it in, as it is in the southern 
United States, the low-e coating is placed on the inside of 
the outer pane.) 

The most common low-e is soft coat, or sputtered. It's pro- 
duced by depositing a thin layer of reflective metal, usually 
silver, onto glass in a vacuum chamber; atoms evaporate off 
the source metal and accumulate on the glass. The silver is 
reflective to the entire light spectrum, so by itself it would 
not work for a window—it would create a mirror. The key to 
transparency is an antireflective material such as zinc oxide, 
which is used on camera lenses. This is deposited on both 
sides of the silver. “The net effect," says Larsen at Cardinal, 
one of the first companies to produce low-e glass, "is that you 
make the reflective layer transparent [to visible light]." 

Sputtered low-e coatings are delicate and must be pro- 
tected within a sealed insulated glass unit. Most have emis- 
sivities of less than 0.1, says Johnson at MIT. That means 
they reflect more than 90 percent of the radiant heat strik- 
ing them. This translates into an insulating value through 
the center of the glass of R-3 to R-3.5, compared with R-2 for 
conventional insulated glass. 

By modifying these reflective and antireflective layers, 
manufacturers "tune" the transmission properties of the 
glass. For Northern climates, it's better to have a low-e coat- 


ince their introduction around 1980, high-performance 


late-1980s, some states and municipalities 
began requiring them for building codes. 
| But that created a big problem: There 
weren't widely accepted standards for 
measuring window performance. “We were 
running down a path of multiple rating sys- 
| tems and multiple jurisdictions, each hav- 
ing its own way of identifying performance 


| The Window program could help consumers 
| select windows appropriate for their climate. 
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attributes of the window," says Jim Krahn 
of Marvin Windows in Warroad, Minn. 

So in late 1989, industry leaders formed 
the National Fenestration Rating Council 
to handle testing procedures and window 
ratings nationwide. “What the NFRC is at- 
tempting to do," says Krahn, "is to have 
one rating system, so that regardless of 
what the state says the level of perfor- 
mance should be, you at least use the 
same method for coming up with the per- 
formance numbers." By mid-1991, the 
council adopted a procedure for determin- 
ing window U-values. (While U-value and 
R-value are both commonly used as mea- 
sures of heat loss, U-value is preferred be- 
cause it directly measures the heat-flow 
rate.) California, Oregon, Washington, 
Alaska, Idaho, and Minnesota have al- 
ready adopted the NFRC rating system, 
and this year energy-performance labels 
on windows will begin to appear in some 
parts of the country. 

The Energy Policy Act of 1992, recently 
signed into law, requires national adoption 


of such a system within two years. Proce- 
dures for rating solar heat gain, air infiltra- 
tion, and optical properties should be 
adopted during 1993. 

The U-value portion of the rating refer- 
ences two computer programs: Window 
4.0, developed by Lawrence Berkeley Lab- 
oratory in California (see photo), and 
FRAME 3.0, developed by Enermodal En- 
gineering in Waterloo, Ont., Canada. Using 
these programs, window manufacturers 
calculate the U-values of each glazing con- 
figuration in their window line (“s-inch air 
space with clear glass, 'a-inch. air space 
with clear glass, '/2-inch air space with low- 
e, '/2-inch argon with low-e, etc.) based on 
specific size standards. These calculated 
U-values factor in losses through the edge 
of the glazing and frames. That means 
they more accurately reflect actual energy 


performance than the center-of-glass val- | 


ues alone, which have been used by many 
manufacturers in the past. Then the calcu- 
lated U-values of sample windows are ver- 
ified in lab testing.—A. W. 


ing that admits as much solar energy as possible and only 
blocks the far-infrared light (or heat) from escaping; using 
sunlight shining through windows in this way to help heat 
your house is called passive solar heating. For warm cli- 
mates and in commercial buildings, where air-conditioning 
costs are higher than heating costs, the low-e coating can be 
designed to block out more of the solar spectrum, including 
near-infrared (which is also perceived as heat). Near-in- 
frared radiation contributes about half of the total solar 
heat gain through conventional windows, says Johnson. 

The Low-e* coating from Cardinal is one that stops more 
solar radiation. It has two layers of silver that are sand- 
wiched between three antireflective layers of zinc oxide. 
The result is a remarkably low emissivity of 0.04 and a cen- 
ter-of-glass R-value of R-3.4 to R-4.4. Low-e” can block as 
much total solar radiation as tinted glazings, but still pro- 
vide excellent visible-light transmission—so you can easily 
see through them. Low-e^ is the standard glass used by 
Kolbe & Kolbe Millwork Co. of Wausau, Wis. Andersen is 
considering a switch to this glass for all of its windows. 

In another low-e glazing, the sputtered silver and anti- 
reflective layers are deposited onto a thin plastic film that is 
suspended between layers of glass. Called Heat Mirror, it 
performs better than standard low-e, because the suspend- 
ed film creates an additional air space to slow heat loss. 
Heat Mirror, developed by Southwall Technologies of Palo 
Alto, Calif., is used by Hurd Millwork of Medford, Wis., and 
several other manufacturers. While Hurd uses a single 
Heat Mirror film in most of its windows, its In-Sol-8 win- 
dow has two of the films to help it achieve a center-of-glass 
above R-8 [Windows of Opportunity," Dec. '90]. Pella also 
uses two Heat Mirror films in its top energy performer—a 
window that rates R-9 at the center-of-glass. Super-efficient 
windows like these often outperform an insulated 2x6 wall, 
because incoming solar energy can offset most of the heat 
lost through the glazing. 

A third type of low-e replaces silver with tin oxide that is 
fused into the glass surface. Because these pyrolytic, or 
hard-coat, low-e coatings are durable, they can be used on 
single-pane windows like storm windows. They block less 
solar energy than soft coats, so hard coats are also better for 
passive solar heating. 

Until recently, most hard-coat low-e glazings had a bluish 
tint. Newer products do not. These include Energy Advan- 
tage Glass by Libby Owens Ford in Toledo, Ohio (“Home 
Newstront," Aug. 90], and Sungate 500, which will be intro- 
duced this spring by PPG Industries in Pittsburgh, says 
Moe Peterson, director of product development for flat glass 
at the company. Both of these also provide significantly low- 
er emissivity (approximately 0.2) and improved energy per- 
formance over earlier pyrolytic low-e glass. 


fter you add new coatings, improving upon the air 

space in insulated glazings also boosts performance. 
j Ten years ago, the standard air space was ‘4 inch 
wide. Simply increasing that width to “2 inch improves the 
R-value about 15 percent because heat has to travel a 
greater distance. There are limits to this tactic, however: 
When the space exceeds about "s inch, the air can circulate 
in a phenomenon called convection. Warm air next to the in- 
ner pane of glass rises and flows around to the outside of the 
air space, giving up its heat to the outer pane. Convection 
carries a heavy energy penalty—it can offset most, if not all, 
of the gains provided by the wider air space. 

But energy flow can be further reduced by replacing air 
with a gas that transmits heat less readily. Such low-conduc- 
tivity gases first appeared in welded-glass-edge insulated 
glazing units more than 20 years ago, says Peterson of PPG. 
PPG and Libbey Owens Ford used chlorofluorocarbons 
(CFCs) and carbon dioxide in early products. Most common 


A WINDOW LEXICON 


is used to fill the space between panes to W 
heat transfer. 

The glass and/or plastic in a window unit that 
pnih v blocks air leakage and 


pe da 


Invisible radiation that humans perceive as heat. 


lot kant woes bat tet eerie 


Durable metal oxides that are fused into the 
surface of window glass. 


A coating on the inside of window in 
ü er efto qe p erano rr 
posited in a vacuum. 


PYROLYTIC (HARD- 
COAT) LOW-E 


SPUTTERED (SOFT- 
COAT) LOW-E 


Bent s a ilie s dolens fo kasi 


The total amount of all light spectra that is ad- 
mitted by the window glazing. 


The amount of heat transmitted by the window. 


CENTER-OF-GLASS 


Performance of a window measured through the 
R-VALUE/U-VALUE 


center of the glass only; not the entire unit. 


UNIT R-VALUE/ 


A measure of thermal resistance / heat transmit- 
U-VALUE 


tance for an entire window, induding the frame. 


VISIBLE LIGHT 


A measure of the amount of that portion of the 
TRANSMITTANCE 


total solar radiation visible to the human eye. 


today is argon—which can improve the center-of-glass per- 
formance of a soft-coat low-e window from R-3.2 (with air) to 
R-4. Andersen uses argon in all of its insulated windows. 
Carbon dioxide performs about as well as argon, but its 
smaller molecules are slightly more prone to leak. 

Sulfur hexafluoride and krypton are other options. Sulfur 
hexafluoride insulates somewhat better than argon, but the 
gas has low viscosity—the molecules slide past each other 
more easily. That means sulfur hexafluoride begins convect- 
ing in spaces smaller than "4 inch. This gas performs better 
when it is mixed with argon. Krypton offers the lowest con- 
ductivity of any gas in use, and its moderately low viscosity 
keeps the optimal inter-glazing space around "4 inch. Unfor- 
tunately, the gas is also scarce and expensive. Hurd and 
Pella use krypton gas in a few multipane super-high-perfor- 
mance windows. 

The most energy-efficient option of all would be no 
gas—a vacuum. So says Tom Potter at the National Renew- 
able Energy Laboratory in Golden, Colo. Potter, with Dave 
Benson, researched this idea in the mid- to late-1980s. 
Center-of-glass insulation levels as high as R-15 could be 
achieved with a "inch vacuum space, say the lab's re- 
searchers, but little work has been done on the technology 
recently. Vacuum glazings present many challenges, the 
greatest being how to maintain the vacuum state; the only 
successful method demonstrated thus far is one that uses a 
continuous welded glass edge. Second, spacers must hold 
the panes of glass away from one another. Tiny glass beads 
were used in prototype panels, but they could distort the 
window view. Stresses on the edges from differential ther- 


POPULAR SCIENCE JUNE 1993 » 95 


"— ee TT La E LL de Rumi ae dt CETE * - " 
i i [pet Pres 4 i= — Sl M. "iod i 
we pen DE, io pus 


—À 2 Rer cui taaa alu a. "— 


sadn tc "ie . = 3 
Yan RIT "x4 Ice pes cL hk 


m a 


=e "a ee ee 


bet See ante 


$ DRE S 


Dum A 
MEET LL. 


TF E ru "zi a. i * 
PET REM ea 
os 

r$ 

T 


, 
E 
E 


»- 
et dT 
ek ucc 
A 

^ 

7 , 


de e Is 
i 


Mg“ > EL rd 
Semi 


hs 2X 
i 
T 
T 


2. a, 
cis 
E- E , 
MED 


+ 


[Wal 
2 3] - tu 
"RN ri a 
LEE ed si 

J ` 


@s5 a decision you make than a turning point you.choose. It becomes hard to 


x büngaleng without your truck — and harder still, parting with it. Resale value? You don't tbe e 
ine yedrs.of accumulated strengths that make a GMC Sierra your fast friend — the strength, mica c. 
en ort and reliability sd after year — are the same strengths that, for eight years 

Tad running, have made Sierra more valuable at resale than any other truck in its class* If you choose to 


ts 
> 
z 
C 
e 
oO 
E 
-= 
on 
= 
tu 
O 
z 
A 
m 
ic 
$ 
| 
= 
- 
EL 
O 
r 
- 
T 
gi 
z 
= 
oO 
"3 
= 
c 
Y 
[77 
zu 
ga 
-g 
£u 
"d 
= 
3 
O 
J 
£a 
Lu) 
m 
e 
C 
cu 
o 


GMC. GMC Truck and Sierra are registered trademarks of General Motors Corp. Buckle up, America! 
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compared to auction prices reported in 1985-92 January issues of National Auto Research Black Book" 
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YOU SPEND ON ENERGY. On xe fpes ril N.Y., if 
3 you're p paying 15 a e Mention on heating 
ARUM lion Bf wan spending a lot more on ener yel 
ficient windows than if you live in veli dn pay 40 cents per 


gi For natural gas her (5190 por milion Btu). 


e HOW LONG DO YOU EXPECT TO LIVE IN Puer dieti l 
Windows are a big investment. If you're going to be there for a long : 
im chad os fe oi of ; 
f you're only biter chant ya the extra invest- — | 
ment in cy windows mighi teh aA 


a - Types of insulated windows , 


= | 
s. Standard insulated glass: '/-inch air space; wood, vinyl, or metal frame (with thermal break). | 
is ~ 2. Low-e coating (emissivity=0.1 to 0.02): */z-inch space with argon gas fill; quality wood, vinyl, | 
E Lee tene C Pooma break). | | 

9. Spectrally selective soft-coat low-e coating (emissivity-0.04) with low total solar transmit | 
-=z tance (e.g. Cardinal Low-e?): 12-inch space with argon gas fill; quality wood, vinyl, or metal i 
z frame (with thermal break). | 
an State-of-the-art superwindow (e.g. Hurd Insol-8, Pella InsulShield, or Weather Shield Super | 
-.;; Smart): triple glazing or two suspended films; two low-e coatings; argon or krypton gas fill; 

-». quality wood, vinyl, or metal frame (with thermal break); very low air leakage. 


trary to logic—it’s more efficient to 
use single large panes of glass than 
several smaller ones. The smaller the 
window, the more important heat loss 
through edges becomes, because 
there’s comparatively more edge. 

In place of the conventional hollow 
aluminum edge spacer, manufacturers 
are developing lower-conductivity ones 
made with steel, silicon foam rubber, 
and butyl rubber [“Stopping the Gaps 
in Window Efficiency,” Aug. '92]. An- 
other option offered by a few manufac- 
turers is hollow insulative fiberglass or 
vinyl frames filled with fiberglass or 
polyurethane. 


world won't save you much energy 

if the window doesn’t close tightly, 
says MIT’s Johnson. The tightest 
weather-stripping seals are compres- 
sion-type gaskets—usually butyl rub- 
ber or dual vinyl bulbs. These are 
used with hinged units, such as case- 
ment, awning, and tilt-turn windows. 
The resulting windows can be ex- 
tremely tight—with as little as 0.01 to 
0.03 cubic feet of air leakage per lin- 
ear foot of crack (expressed as cfm/ft) 
under standard testing conditions. 
With windows this tight, you’d only 
feel a draft indoors when there were 
hurricane-force winds outside. Slid- 
ing-sash windows—double-hung, sin- 
gle-hung, and horizontal sliders— 


T: best glazing and frames in the 
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tend to be less tight, although there is 


oF Ione propane i qat — ee oo T dramatic variation from manufactur- 

O D — =| er to manufacturer. Windows with air- 

- TEMPERATE 10R 2 10R 2 10R 2 10832 1,2003 | leakage rates as low as 0.05 cfm/ft are 

(PACIFIC COAST) ^| available, and levels of 0.1 cfm/ft are 

COLD ||| common. A few sliding patio doors 

(NORTHERN STATES, 20R4 20R4 2 0R 4 20R4 23044 | | have special tracks for compression- 
CANADA) | —| gasket weather stripping. 


mal expansion on inner and outer panes of glass could po- 
tentially cause breakage, sending glass shards some dis- 
tance. Informal lab testing did not show this to be the case, 
according to Potter. Higher-strength tempered glass might 
prevent such breakage, but this type of glass so far cannot 
be welded for a vacuum seal, he says. 

As window glazings have become better energy perform- 
ers, edges have become worse—proportionately more heat 
is now being lost through the glazing edges and window 
frames. In a typical high-performance window, the R-value 
at the center of the glass might be R-4, and that at the 
edges, R-2; a lot of heat is then lost through those edges. So 
most large manufacturers now list both center-of-glass and 
unit R-values and U-values in literature. Unit R-values 
and U-values account for losses through the edges as well 
as the glazing. That's why—although it initially seems con- 
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None of these advantages is free, 
however. Moderately high-perfor- 
mance windows with low-e and argon- 
gas fill cost 10 to 15 percent more than 
conventional insulated windows with 
two layers of standard glass and air in 
between. The higher performers, 

with a center-of-glass insulative val- 

ue of R-8 or better, are pricier: They 
cost 40 to 45 percent more than con- 
ventional insulated windows. And in more temperate cli- 
mates, where temperatures don't reach dramatic highs and 
lows, these would be less cost-effective. 

What would seem to be quite straightforward—the 
movement of energy through windows—is anything but. 
“You have to realize that energy flows both ways," says 
Jim Krahn of Marvin. "In some cases you're stopping ener- 
gy from entering the house, and in some cases you're stop- 
ping energy from leaving." Windows have essentially be- 
come dual one-way energy valves, permitting light to 
enter, but blocking exiting heat. The relative fractions of 
sunlight and heat that are transmitted and blocked de- 
pend not only on the type of glazing, but also where on the 
house the window is installed. According to Tim Johnson, 
designers and builders are only just beginning to under- 
stand the selective transmittance of windows. 


Air-raid alarms shatter the almost 
supernatural silence over Jerusalem. 
Soon a tiny, glowing spot appears 
above the black horizon. It quickly 
grows larger as it heads toward the 
center of the city. Now two flares, one 
following the other, rise up from the 
ground a few hundred yards away. 
They advance toward the glowing 
spot, disappear behind a cloud, then 
finally explode with consecutive loud 
cracks. Debris from the explosions, the 
deadly fireworks of war, drift lazily to- 
ward the ground. 


cenes like this kept view- 

ers glued to their TV 

screens during the 1991 

Persian Gulf war. U.S. 

Patriot missile batteries, 

it seemed, managed to 

' shoot down Scud after 

Iraqi Scud—keeping 

cities in Israel and Saudi Arabia safe 

from hostile intruders and boosting 
civilian morale. 

In retrospect, however, the missile 
war wasn't what it seemed. After 
viewing the videotapes more carefully, 
some academics now contend that the 
23-year-old Patriots shot down only 2 
of the more than 40 incoming Scuds 
captured by TV cameras. Even the 
U.S. Army, which first claimed that 
96 percent of the Scuds had been de- 
stroyed, recently downgraded its esti- 
mated success rates to 70 percent in 
Saudi Arabia and 40 percent in Israel. 
These figures include both Scuds that 
were obliterated as well as those that 
were merely deflected off course. 

To improve this less-than-sterling 
record, the United States is develop- 
ing no fewer than five new missile 
systems—including an advanced ver- 
sion of the Patriot itself. Unlike other 
“Star Wars" technologies, these “the- 
ater defense missiles" will be short- or 
medium-range weapons and won't de- 
fend against long-range nuclear mis- 
siles. Instead, they will protect an 
army, city, or small country against 
Scuds or other nasty rocket-borne sur- 
prises that an enemy may dream up. 

"The bottom line is that the original 
Patriot was designed for use against 
air-breathing threats" like aircraft, 
says Army Brig. Gen. David Heebner, 
who commanded Patriot batteries in 
Israel during the war. With a “wider 
range of coverage,” more accurate 
radar systems, and better homing de- 
vices, the new missiles will have a 
“clear advantage” over the old Patriot. 


Prospects of a better theater defense missile stirred even 


Despite its 
starring 
role in the 
Persian 
Gulf war, 
the Patroit 
often 
missed its 
targets. 
Now U.S. 
programs 
aim at 
building 
pic wu -eapaed- 
improved 
descen- 
dants. 


DUNG 


BY ROBERT LANGRETH 


the hearts of congressional doves last year. At the same 
time it was hacking away at other Star Wars programs, 


Congress approved a whopping $1.1 billion for theater de- 


KARP 


fense missiles—making the program account for nearly 30 « 
percent of the Strategic Defense Initiative budget. Under & 
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Hange: 10-15 


STAR WARS SURVEILLANCE miles*. Design 


iis ss | has not yet 
Satellites may aid missile defense been chosen 


systems by detecting incoming 
rockets before they show up 


on radar screens. 


so TMAH 


til 


(LL A 


FIVE SLEEK - 
THE PATRIOT 


Starting in the late 
1990s, several U.S.-de- 
signed missiles will be 
ready to protect cities 
and even small coun- 
tries against deadly en- 
emy projectiles. With 
Israel as the hypotheti- 
cal target of a Scud at- 
tack, here's a rundown 
on what the new tech- 
nologies will do. 


TO 


CORPS SAM 
(SURFACE-TO-AIR MISSILE) 
«Production as soon 
as 2005 

| «Targets: ballistic missiles 
and aircraft aimed at battle- 
field targets 
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Range: 20-30 
miles": intercept 
height: under 

100,000 feet; 
method of at- 
tack: hit-to-kill 


SHALL 


(EXTENDED-RANGE 
INTERCEPTOR) 
eAvailable late 1990s 

*16' long, 9" wide, 1,200 Ibs. 
Homing device: 

short-wave radar 

«Targets: short-range ballistic 
missiles 


Range: 20-30 
miles": intercept 
' height: under 
100,000 feet; method 
of attack: frag- 
menting explosive 


Available late 1990s 

*18' tall, 16" wide, 2,200 Ibs. 
Homing device: 

short-wave radar 

*Targets: short-range ballistic 
missiles, possibly cruise missiles 


the Clinton administration, funding for theater defense 
missiles will continue to increase slowly, according to offi- 
cials. "There's no debate over the need for a speedy employ- 
ment of these missiles," says a Senate Armed Services 


e: 100-200 


s*; intercept : | ; ; 

ght: 100,000- Range: Committee staffer. The question is ^which are affordable, 
000+ feet: 60 “gy ee and which are technologically ready for prime time?” 
method of at- meainod OT attack: - P | : 

at Redes 4 iaementing The competitors include: 


e PAC-3, a modernized version of the Patriot. 

e ERINT, a short-range missile similar to the Patriot, ex- 
cept that it relies on a so-called “hit-to-kill” mechanism 
rather than explosives. 

* Corps SAM, the first short-range missile mobile enough 
to travel on the front lines with an advancing army. 

eTHAAD, a medium-range missile designed to hit tar- 
gets higher in the atmosphere than Patriot or ERINT. 

e Arrow, a medium-range missile being developed jointly 
by the United States and Israel for use by Israel. 

When completed in the mid-to-late 1990s, Pentagon 
planners say, these weapons will provide a one-two punch 
against rockets launched by deranged dictators. THAAD 
—or possibly Arrow—will be the first layer of defense, safe- 
guarding areas as large as South Korea or Israel. PAC-3, 
ERINT, or eventually Corps SAM will be the last line of de- 
fense, zapping the remaining intruders before they hit 
cities or important military bases. “No one system can meet 
all our needs,” says the Army’s Heebner. “With two-tiers, 
you can counter a fuller range of threats.” 

Not all the missiles will make it to production. The Army, 
for example, will choose either ERINT or Patriot PAC-3 
—but not both—sometime this fall. (If ERINT is picked, 
however, it will still use Patriot’s ground-based radar and 
missile launchers, because it does not have its own.) And 
the current THAAD contract calls only for developing a 
working prototype—not for full-scale production. In the 
long run, "it'll be one shorter range missile from column A, 
and maybe a medium range one from column B,” predicts 
John Pike, a space science expert at the Federation of 
American Scientists in Washington, D.C. 


explosive 


combat, either. Army officials say only that both layers 

should be able to annihilate more than 90 percent of 
any intruders. But experts outside the defense industry be- 
lieve this goal is unrealistic. “Intercepting 90 percent of in- 
coming missiles is not implausible," says Pike. "But it's 
equally plausible that the performance would be worse." Ex- 
perts like Pike worry that enemies will come up with simple 
countermeasures (see Countering Defensive Missiles) or 
that our computers won't be flexible enough to handle unex- 
pected situations that often occur in battle. Says David 
Wright, a physicist at the Union of Concerned Scientists in 
Cambridge, Mass.: "Even with the technical improvements, 
I'm not terribly optimistic about how they'll do." 

Its not surprising that some researchers are dubious. 
Ballistic missiles, after all, are the most difficult airborne 
targets to defeat even without countermeasures. All work 
essentially the same way: A rocket booster launches the 
missile up and out of the sensible atmosphere. Once the en- 
gine runs out of fuel a minute or more into flight, gravity 


N o one knows exactly how well these missiles will do in 


InAAD ARROW takes over and the missile roughly follows the parabolic 
(THEATER HIGH-ALTITUDE «Usable prototype path that a ball would if thrown upward at the same veloci- 
AIR DEFENSE) for Israel in 1997 ty. (Ballistic", in fact, derives from the Greek word mean- 
Usable prototype by 1996 «Dimensions: not available ing “to throw. When the projectile reenters the atmo- 
«Dimensions: not available «Homing device: optical sphere, it is heading down at an angle of about 30 degrees 
*Homing device: infrared Targets: ballistic missiles from the horizontal and moving more than a mile per sec- 
Targets: short-medium- launched against Israel ond. Furthermore, ballistic missiles can be less than a foot 
range ballistic missiles in diameter. Not much of a margin for error here: “If you 
All range and height figures are approximate. Diagram not to scale g are off by a millisecond or two in detonating yo warhead, 

i ii SE | u then you are too late," says weapons expert John Harvey, 

Ë from Stanford University in Palo Alto, Calif. 


POPULAR SCIENCE JUNE 1993 © 103 


So how well did the Patriot really do in the 
Persian Gulf war? The answer depends on 
whom you talk to. 

Probably the harshest critic, physicist 
Theodore Postol at the Massachusetts In- 
stitute of Technology in Cambridge, has 
analyzed TV newsreels from the gulf war 
frame by frame. His conclusion: “We have 
found no convincing evidence that any 
Scud warhead was destroyed by a Patriot. 
We have strong evidence that Patriots hit 
Scuds twice, but in both occasions the 
warheads fell to the ground and exploded." 

Raytheon and Defense Department offi- 
cials have mounted a three-pronged attack 
on Postol. First, they say, television cam- 


First one Polviet (1), then amikor (2) explode mar « Sead dove B 


Saudi Arabia. But 
the Scud seemingly falls to the ground and detonates (3). MIT's Postol calls it a failed attack. 


eras operate at too slow a speed to cap- 
ture what is going on (the missiles could 
move more than 200 feet in one frame). 
Second, in the cloudy night sky, one can't 
tell what one is looking at. Third, there 
were very few casualties in Israel, so the 
Patriot must have worked. "Critics can't 
use TV news videotapes to prove the Pa- 
triot didn't work; and [Raytheon] can't use 
them to claim it did," is the way that 
Raytheon's Robert Stein puts it. 

Stein, not surprisingly, prefers the U.S. 
Army's version of events: a 40 percent suc- 
cess rate in Israel and 70 percent in Saudi 
Arabia. But Congress's General Account- 
ing Office (GAO) has found the Army's 


GULF WAR: LET'S GO TO THE VIDEOTAPE! 


methodology to be largely invalid. The - 


Army's totals, the GAO reported last fall, 


are based on inconclusive computer — 


records: Patriot computers only recorded 


whether the warhead exploded when it was * 
supposed to, not whether the bomb actual- 


ly had any effect. Furthermore, the Army 


did only a cursory ground search to find de- 


bris that could corroborate its claims. 


Although the exact tally of hits and miss- j 
es will probably never be known, Postol's 
figures seem closer to the truth. After: 
watching his videotape, one tends to agree 4 


that in many cases the “miss distances 


are so large that the issue of fiim-spaed is 
irrelevant. (He estimates that the median - 


miss distance is an astounding 600 me- 


ters.) And although many of the missiles | 


are partly obscured by clouds, it's hard to 
imagine what those bright spots di 


ing over the horizon oid be 1 be other tán. 
Scuds. Finally, there are many possible ex- .: 
planations for the lack of civilian casualties; - 


for instance, that the inaccurate rockets 
simply fell into the Mediterranean Sea. 


In future wars, the United States should 


be better equipped to tell what happened. 


Patriot PAC-3 will come with an optional | 


computer system that will store all radar 
images, computer calculations, and radio 
instructions from each Patriot mission, so it 
can be reconstructed afterwards.—R. L. 


Complicating things in the gulf war: Saddam's Scuds did 
not follow as smooth a trajectory as they were supposed to. 
Instead, they often tumbled end over end, like a football 
kickoff, or worse, started to break apart at the end of flight. 
"In some cases," notes Gregory Canavan, a physicist at Los 
Alamos National Laboratory in New Mexico, "Scud frag- 
ments flew [corkscrew-shaped] trajectories that approxi- 
mated optimal evasive maneuvers, causing large miss dis- 
tances." Ironically, the poor workmanship of the missiles 
actually made them harder to shoot down. 

Patriots maker, Raytheon, hopes that a few simple 
changes will boost PAC-3’s effectiveness. Most important, 
the Lexington, Mass.-based company is putting a new 
"seeker," or homing device, in the nose of the missile. In- 
stead of relying entirely on ground radar, PAC-3 will gener- 


CORPS SAM: MARTIN MARIETTA'S 
RANJET PROPOSAL 


RAMUET INTAKE SUCKS IN AIR, 
WHICH I5 IGNITED WITH ROCKET FUEL 
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SOURCE: THEODORE POSTOL 


ate its own radar signals during the last few seconds of 
flight. Doing this, explains Raytheon's Robert Stein, will al- 
low the missile to use shorter wavelength—and hence more 
accurate—radar pulses than before. 

Second, the warhead fuse and seeker will be combined to 
make sure the missile explodes at the right time. In the 
original Patriot, the fuse and homing device were separate 
and did not communicate with each other. Thus it was ac- 
tually possible for the Patriot to fly right by a Scud without 
exploding until it was too late—especially if the missile was 
changing course at the last second. Not anymore. 

Finally PAC-3 will include a more sophisticated war- 
head. Both the Patriot and PAC-3 warheads will shatter in- 
to dozens of deadly steel fragments upon detonation. The 


difference: PAC-3 will be able to direct the explosion one 


T 4 LLL = 


way or another. For example, if Patriot's computer system 
realizes the target is about to pass it on the left side, it will 
electronically control the explosion so that the most ener- 
getic steel fragments fly that way. 

A second weapon competing to be launched from Patriot 
batteries is ERINT. Unlike PAC-3, ERINT has no explo- 
sives onboard, but instead relies on ramming its target at 
high speeds. Why do this? Because smashing into the tar- 
get "releases 100 times more energy than is released by 
steel bomb fragments," explains Sid Wells, a vice president 
for Loral Vought Systems in Dallas, which is building 
ERINT. Consequently, he continues, the Scud is much 
more likely to be pulverized rather than just damaged. 
Moreover, say military analysts, ERINT's smaller size 
(four ERINTs will fit in the space of one Patriot) should 
also make it somewhat more maneuverable than PAC-3. 

In theory, Wells is right. In practice though, Patriot may 
actually do better, because its explosives give it an “insur- 
ance policy” if the missile is a few feet off target. The Army 
is currently conducting a series of flight tests to settle the 
matter; its verdict is expected by the end of the year. 


fit from an updated ground radar system being built 
by Raytheon. “All I can say about the improvements 
is that they will help distinguish targets in clutter,” Stein 
comments mysteriously. This probably means two things, 
says military consultant Stuart Koehl: First, the experts 
will experiment with different shapes of radar pulses to find 
the ones that are best at detecting ballistic missiles. Sec- 
ond, they will write new computer programs that discrimi- 
nate between the Scud warheads themselves, random mis- 
sile fragments, and other airborne crud. 

Neither PAC-3 nor ERINT, however, can elude a simple 
law of physics: gravity. In other words, even when the 
weapons hit their targets, debris still will rain down on 
whatever happens to lie below. Since both missiles have 
ranges of only a few dozen miles, this means hunks of met- 
al could end up falling on, say, the suburbs of Jerusalem. 

By 1996, Lockheed’s THAAD will change this scenario. 
With a range of several hundred kilometers, THAAD will 
intercept enemy rockets well before missiles approach any 
city. According to Lockheed officials and other defense ex- 
perts, it will work like this: A long-range radar system 
mounted on a tractor trailer will detect incoming projec- 
tiles while they are still hundreds of miles away. A THAAD 
missile will take off and zoom to an altitude of at least 
100,000 feet. At this altitude, there’s little atmosphere wal 


Ws missile ends up being chosen, it will bene- 


hold i in heat—thus the thermal radiation generated by an : 
incoming missile will stick out like a sore thumb to : 
THAAD's heat-seeking sensor. Once the sensor finds its 5 


MAIN THRUSTERS 


LENGTH: 15 FEET 


CENTER OF GRAVITY THRUSTERS 


RAYTHEON'S "NEW 
AND IMPROVED" 
PATRIOT PAC-3 


STEVE KARP 


COUNTERING DEFENSIVE MISSILES 


EVASIVE MANEUVERS 

Scud-type missiles could be made to 
twist in corkscrew or other complex pat- 
terns as they fall, making them all but 
impossible to kill. (In the Persian Gulf 
war, some disintegrating Scuds did this 
by accident.) THAAD would attack high 
enough so that evasive maneuvers 
would be less of a problem. 


SUBMUNITIONS 


Perhaps the biggest threat to theater | 


missile defense: Scuds could split into 
dozens or hundreds of tiny bomblets at 
almost anytime during their flight, over- 
whelming defenses—even THAAD. 


DECOY BALLOONS 

While in flight a missile could release 
balloons that inflate to the same shape 
as the actual missile. U.S. sensors 
would not be able to distinguish the real 
McCoy. Since decoys would slow down 
during reentry to the atmosphere, they 
would be more of a problem for defend- 
ing against long-range nuclear missiles 
than Scuds. 


CRUISE MISSILES 
Another nightmare for planners is the 
specter of cruise missiles: low-flying 
drones stuffed with explosives that 
sneak in under radar coverage. They 
are so easy to make that "literally any- 
one could put one together in his back- 
yard," quips military consultant Stuart 
Koehl. Currently, the Pentagon is plan- 
ning on using fighter planes to shoot 
these down. 


probably the most advanced is Martin 
Marietta's proposal to power Corps 
SAM with a hybrid rocket/ramjet en- 
gine. During the initial portion of flight, 
according to engineers from the Bethes- 
da, Md., company, the missile would fly 
like a normal rocket, burning a mixture 
of rocket fuel and liquid oxygen (or an- 
other oxidant). But once it reached 
Mach 2, it would switch to the ramjet 
mode, burning fuel in air that “rams” 
into a vent on the front of the missile. 
Because it wouldn't have to carry huge 
tanks of liquid oxygen, the ramjet mis- 
sile would be much less bulky—making 
it easy to transport on the ground—but 
just as agile in the air. 

Even more innovative is the highly 
secret warhead the company wants to 
mount on the missile—something 
dubbed a multiple inert penetrator. 
Although company officials refuse to 
comment, consultant Koehl says that 
this would consist of several rings of 
bullet-shaped tungsten slugs. When 
the missile is about to hit its quarry, 
pistons would propel the tungsten 
projectiles forward. In contrast to the 
relatively puny steel fragments gener- 
ated by the Patriot, “each one of the 
slugs could vaporize a Scud-type mis- 
sile," he notes. At the same time, be- 
cause the slugs spread out over a sev- 
eral meter radius, Corps SAM would 
have a greater margin of error than a 
hit-to-kill missile like ERINT. Finally, 
Marietta engineers hope to mount a 
missile tracking radar system on an 
unmanned helicopter that would hov- 
er a few thousand feet above the bat- 
tlefield. This would help Corps SAM 
to annihilate cruise missiles—low-fly- 
ing drones that would normally slip in 
under radar coverage. 


weapons depends as much on a 

potential enemy's tactics as on 
the weapons' design. If terrorist 
regimes stick with simple Scud-type 
missiles, the new generation of inter- 
ceptors probably can perform much 
better than the old Patriot. However, 


U Itimately, the success of these 


prey, a powerful onboard computer will make course correc- 
tions by firing small side-mounted rockets, and the missile 
will zip toward its quarry. If the first THAAD misses, there 
will still be time for a second attempt. 

"If we had had THAAD in the gulf war," boasts Bill 
Loomis, Lockheed's vice president for defensive missile sys- 
tems, "the Scuds would have been attacked and defeated 
way up high and many miles away from Tel Aviv. The city 
would not have had debris falling all over it, and citizens 
might not have known there was a Scud attack on them." 
Yet another possible advantage of THAAD, says Loomis, is 
that any chemical or biological weapons aboard an enemy 
missile would be widely dispersed in the upper reaches of 
the atmosphere, well out of harm's way. 

While PAC-3, ERINT, and/or THAAD will provide the 
short-term solution, Corps SAM could be the missile for the 
21st century. Several designs are now under consideration; 
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“if third-world countries can afford to develop countermea- 
sures,” says Stanford's Harvey, “that could screw up both 
radar tracking and intercepting." For example, a foreign 
power could build Scuds that release dozens of decoys that 
look exactly like the real McCoy. Worse yet, the Scud war- 
heads could split up into hundreds of tiny “submunitions,” 
each with a slightly different trajectory Once a country 
learned how to make such bomblets, say experts, it 
wouldn't be hard to manufacture more of them than the 
United States could possibly shoot down. 

When pressed, even officials from the missile manufac- 
turers admit this: 

"If submunitions that deploy early in flight are a real 
threat," says Raytheon’s Stein, “Patriot is not going to solve 
the problem. The only way to get these would be right after 
they take off." 

Unfortunately, nothing under development can do this. 
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t 10:30 on Monday morning in Operating 
Room 10 on the third floor of Boston Uni- 
versity Medical Center, Dr. Harold Lazar 
has opened the chest of a 54-year-old man 
who is having a bypass operation for 
clogged coronary arteries. The patient's 
heart can be seen beating regularly in the 
foot-long incision. 

As he cuts and stitches, Lazar now and then passes an 
inch-thick transparent tube over the exposed tissue. The 
tube sucks blood out of the patient into a sealed, cylindrical 
plastic canister on a machine that stands inconspicuously 
near the operating table. The machine is collecting blood 
that will be processed and returned to the patient later in 
the operation. 

Upstairs in the blood bank on the fourth floor, Ed Doher- 
ty, a 64-year-old retired editor of the Boston Globe, has ar- 
rived to give blood for himself. It's his second donation, and 
he will give two more units for use in his double hip-re- 
placement operation, scheduled for the following month. 
Until it is needed, Doherty's blood will be stored in a glass- 
doored refrigerator stacked with donations for similar us- 
es, each labeled with the name of the donor-recipient. 

His surgeon suggested the pre-op donations, but Doherty 
almost certainly would have requested them anyway. He 
had a transfusion in an emergency situation a year earlier, 
but only after the alternative was explained to him: *You 
might die." And he was careful to have himself tested for 
blood-borne infections two months after the transfusion. 

These scenes, typical of any large hospital in the 1990s, 
illustrate a remarkable change in the attitude of patients 
and the medical establishment toward blood transfusions, 
a change that has also prompted a race to develop an artifi- 
cial blood substitute. Physicians used to regard blood as 
just another drug, to be administered as needed. But in 
1992, the American Academy of Physicians changed its for- 
mal position and said doctors "should regard elective 
transfusion with homologous [other-person's] blood as an 
outcome to be avoided." 

Why the change? Americans are 
afraid of blood transfu- 
sions. The fear is so 
great that many 


BY EDWARD EDELSON 


have even stopped donating blood because they think 
there's a risk of AIDS. Surveys show that one of three 
Americans believes that AIDS can be contracted by do- 
nating blood. (This is completely false. Blood donations 
are collected by sterilized equipment that is thrown 
away after a single use.) 

Fear has become a dominating factor in the world of 
blood transfusions, with AIDS the greatest driving force 
behind the fear. In response, hospitals are using any mea- 

machines. In ad- 


sure they can 

think of to re- 

duce the use of 

donated blood. 

One such mea- 

| sure is auto- 

logous blood do- 

nation, in which 

patients give 

dition, surgeons 

now will allow a patient's blood 

count to drop to unprecedentedly low 

levels before they call for a transfusion, 

and they will do something called hemo- 

dilution—taking blood out of a sur- 

gical patient, putting in a neutral 

blood expander, and returning the 
blood later in the procedure—in order & 


one or more 
to avoid homologous transfusions. 


units to be used 
own elective 
In addition to these alternatives, s 


surgery. Another 
is the use of 
blood recycling 
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there's a major 
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or safer transfusions. 


The quest for a blood substitute focuses on the hemoglobin molecule. Car- 
ried inside red blood cells, human hemoglobin (artist's rendering, above) can 
combine with oxygen and transport the life-giving gas throughout the body. 


But outside red cells, the molecule surrenders its oxygen reluctantly. 


biotechnology enterprise under way—the effort to develop 
blood substitutes. Venture capitalists have poured hun- 
dreds of millions of dollars into a half-dozen different ap- 
proaches using everything from genetically engineered pigs 
to blood from cows to outdated human blood to a chemical 
relative of Teflon. Their estimates of the potential market 


run to more than $2 billion a year. 

fe heightened just when blood-processing technology has 
reached a new peak of sophistication. The days when 

a transfusion meant taking blood out of one person’s arm 

and putting it into another’s are long gone. 

Almost all of the 13 million units of blood donated each 
year in the United States are processed to separate out red 
blood cells (which are given in transfusions), plasma, white 
cells, platelets, albumin, clotting factor for hemophiliacs 
—each part with its specialized medical use. Blood banks 
test each unit for eight infectious agents, including AIDS 
and hepatitis. 

Indeed, hematologists can truthfully claim that the U.S. 
blood supply is safer than ever, in the sense that a recipient 
has a lower risk than ever before of contracting a blood- 
borne infection from a transfusion. The tragedy is that 
those infections now include AIDS. “You can say the blood 
supply is safer than ever but that has to be qualified,” says 
Dr. S. Gerald Sandler, medical director of the American 
Red Cross, referring to HIV. 

Its not a huge risk. Various surveys put the chance of be- 
ing infected with HIV, the AIDS virus, at anywhere from 1 
in 45,000 to 1 in 225,000 per transfused unit. The possibili- 
ty of a transfusion causing full-blown AIDS—which devel- 
ops as late as 12 years after the initial infection—is much 
lower, perhaps one in a million, for a grim reason: Half of 
all transfusion recipients die within five years from their 
underlying disease, so they usually don't develop AIDS 
even if infected with the virus. 

The risk of infection with the hepatitis virus, a more com- 
mon problem, has been reduced from 1 in 100 a couple of 
decades ago to about 1 in 3,500 today. And heat treatment 
has virtually eliminated the risk of AIDS in blood compo- 
nents, such as the clotting factor given to hemophiliacs. 

But nothing can eliminate the fear. ^Parents will go to al- 
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ow justified are people's fears? It's ironic that they've 


Somatogen Inc.'s artificial hemoglobin molecule, above, substitutes one 
amino acid for another (green spheres) to increase oxygen delivery. The 
blve structure in the center joins two parts of the molecule that would oth- 
erwise separate and dog the kidneys. 


most any length to keep their child from being transfused," 
says Dr. Patrick Lamporello, a surgeon at New York Uni- 
versity Medical Center. The fear is nearly as keen in adult 
patients. | 

The biomedical technology that can reduce fear has been 
available for awhile, but it took the AIDS scare to widen 
technology's use so significantly. For example, autologous 
blood donations are simpler in some ways than homologous 
donations. Ed Doherty's blood will be spun only once in a 
centrifuge to concentrate the red blood cells, which he will 
get back during surgery. Homologous blood, by contrast, 
will be centrifuged twice: once to concentrate the red cells 
and again to separate the plasma and blood platelets, 
which are used, among other purposes, in cancer therapy. 

The blood-recycling Cell Saver machine, made by a Mas- 
sachusetts company called Haemonetics Corp., is also sim- 
ple in concept. Much of the blood that used to be sopped up 
by sponges and thrown away during surgery is sucked into 
the machine. Heparin, an anticoagulant, is added to keep it 
liquid. When enough blood accumulates, it is centrifuged, 
and the red cells go back to the patient—during surgery if 
there's an urgent need, afterward if possible. 

What's changed is the attitude toward these techniques. 
"Iwenty years ago we used to do four or five autologous 
transfusions a year, mostly for people with very rare blood 
types,’ says Sanders, who is also director of transfusion 
services at Georgetown University in Washington, D.C. 
“Now were having 5 percent of all transfusions coming 
from a person’s own blood.” 

National numbers tell the same story. “There were 
655,500 units of autologous blood taken in 1989,” says 
George Nemo, chief of the transfusion medicine branch at 
the National Heart, Lung and Blood Institute in Bethesda, 
Md. “That’s out of 13.3 million units of blood donated.” 

These techniques can lessen the need for homologous 
blood, but they can’t eliminate it. (Lazar had drawn four 
units of homologous red cells for his open-heart patient, 
even with the blood recycling machine in operation.) Hence 
the race to develop a blood substitute. 

It’s an idea that has intrigued hematologists for much of 
this century, for a number of reasons. Red blood cells have 
a lot of disadvantages. They die in a matter of weeks. Their 
membranes bristle with antigens, proteins that can cause a 


ferocious attack by the immune system unless donor and 
recipient are carefully matched for blood type. And disease- 
causing viruses can sneak in among them. 

Hematologists dream of a substitute that could be stored 
indefinitely, that wouldn't break down in a few weeks, that 
doesn't require careful matching of blood types, that's com- 
pletely free of infectious agents, and that would be avail- 
able in unlimited amounts for disasters or military use. 
But experience has taught them that it's a pipe dream. 

Any laboratory-made blood substitute will be a pale imi- 
tation of the real thing. Real blood has myriad functions, 
one of which is carrying oxygen to the body's tissues. (One 
of the other jobs of blood cells is to maintain the body's im- 
mune defenses.) Artificial blood concentrates on that one 
function—supplying oxygen. It would be a substitute for 
the disc-shaped red blood cells that contain the oxygen-car- 
rying molecule called hemoglobin. 

Decades ago, some clever researchers thought they had 
the answer: Strip away the red blood cell’s membrane and 
transfuse only hemoglobin. That hasn't worked yet. Naked 
hemoglobin is reluctant to give up its oxygen. It dies very 
quickly in the body, lasting 48 hours or less. The way it dies 
is a major source of trouble: The four chains, two long and 
two short, that make up a hemoglobin molecule fall apart 
—generally in the kidney, where they cause toxic block- 
age of the blood vessels. That tendency can be corrected 
by cross-linking the chains, but cross-linking doesn't 
necessarily eliminate the problems. 

In addition, there are suspicions that hemoglobin 
causes blood vessels to constrict. When doctors gave 
raw hemoglobin to volunteers, they saw a range of 
effects, including fever, high blood pressure, flu- 
like symptoms and chest pain. A goal of artifi- 
cial blood is to avoid those side effects. 

Some experts believe that the problems 
are inherent in the use of raw hemo- 
globin, however it's processed. "Nature 


inconvenience hematologists, says Sandler. “Hemoglobin 
has survived evolution inside a very complex membrane. 
Maybe the membrane isn't necessary, but we have difficul- 
ty getting things to work without it." 

Nemo, whose unit sponsors basic research on blood, is 
only a little more optimistic. "There's no science base on the 
hemoglobin toxicity issues," Nemo says. “A lot more has to 
be learned. Obviously nature put a bag around the hemo- 
globin for a reason. I feel that the first step is to find out 
what's causing the toxicity." 


he companies that are fighting to be first on the market 

with a blood substitute don't accept those arguments. 

Although their technologies differ, these firms have a 
lot in common. Each has run into toxicity problems. Each 
feels the problems are solvable with their technology. 

Two companies have reached the early human testing 
phase, where researchers look for safety problems. One of 
them is Baxter International, a major manufacturer of 
medical supplies in Deerfield, Ill. Baxter gets its hemo- 
globin from outdated human blood, a half-million units of 
which now are just thrown away annually. It heat-treats 
the hemoglobin to kill viruses and uses a technique devel- 

oped at the University of Iowa to cross-link the 
hemoglobin chains, keeping the molecule intact longer 
and improving its oxygen-carrying capacity. 

Baxter is in early human trials—again. It had to 
stop human trials once when it ran into side effects, 
but Thomas Schmitz of Baxter says the results of 
the new safety trials look good. Still, there's this 

little shadow of a doubt. “Hemoglobin solutions 
have always exhibited side effects," Schmitz 
says. “It’s been difficult to understand 

whether they are due to the hemoglobin 
itself or to imperfect purification of 
hemoglobin. We believe that we have a 
very pure hemoglobin solution.” 


didn’t develop AB minus type blood to WHAT'S Continued on page 122] 
IN BLOOD 
Human blood contains FACTORS VIII AND XI 
red blood cells; white These erai normal blood 
IOGLORULII blood cells, which combat ensure that blood trom an injury 
—— infection; platelets, which eventually dots rather 
These proteins (gamma glob- stem bleeding; and proteins, than continuing to flow. 
ulin is one) are antibodies antibodies, and waste prod- They are therefore 
that can provide protection — ucts—all suspended in plasma. used to treat 
against infectious diseases Transfusions of whole blood re- hemophiliacs and 
such as hepatitis, tetanus, place blood lost in accidents other patients with 
smallpox, and chicken pox. They and during surgery. blood-clotting disorders, in 
are given by injection. whom one or both of these 
factors may be missing. 


PLATELETS / 
Patients with thrombo- ————— 
cytopenia (a shortage of | 
platelets), or those who tend to bleed 
after major transfusions during surgery, 
get platelet transfusions. One such 
procedure needs as many platelets as are 
in six whole blood donations, but a 
process called plateletpheresis can yield 
the same amount from a single donor. 


PLASMA 


Plasma can be separated from the blood 
of a donor by a process called plasma- 
pheresis; the remaining blood is recircu- 
lated to the donor. Because the body re- 
places plasma in 24 hours, frequent 
plasma donations are possible. Plasma is 
given to victims with serious burn injuries. 


RED CELLS 

Packed red blood cells are 
given to patients who are 
anemic, or have a low red blood cell 
count, a condition that leads to fatigue 
and other problems. These patients have 
a normal blood volume, so they don't 


need whole blood transfusions. 
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aking consistent, high-quality 
underwater pictures has always 
been an order of magnitude 
more difficult than photo- 
graphing above the surface. 
First, there are daunting visu- 
al and chromatic challenges: 
Because water magnifies im- 
ages about 25 percent, it's hard to 
judge distances accurately, and colors 
are progressively leached out the 
deeper one dives. Then there are 
formidable mechanical problems, such 
as looking through the viewfinder with 
a face mask on and protecting the 
camera against leaks and corrosion. 

Until recently, serious underwater 
photographers faced a frustrating 
choice: either shoot with relatively af- 
fordable, easy-to-use, but somewhat 
limited purpose-built cameras like the 
Nikonos V, or use heavy, clumsy, ex- 
pensive underwater housings for tech- 
nologically superior land-based cam- 
era systems. 

The revolutionary Nikonos RS, the 
world's first single-lens-reflex under- 
water camera, attempts to solve this 
dilemma by packaging state-of-the-art 
optics and electronics inside a com- 
pact, water-resistant casing. Although 
the one-piece, self-contained unit is 
specifically designed to operate down 
to about 328 feet (the recommended 
maximum depth for sport diving is 130 
feet), the RS actually has more in com- 
mon with Nikon's top-of-the-line, 
above-water F4 SLR than 
its popular under- g 
water predeces- 
sor, the Nikonos 
V. That's because 
it incorporates Jf 
many of the F4's ad- | 
vanced features, Ų 

LA 
Y 
Shown here with its 
28mm lens, the Nikonos RS 
is the world's first single-lens- 
reflex underwater camera, so 
waterproof it needs no housing 
even at a depth of 328 feet. 
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such as interchangeable autofocus 
lenses (including the world's first 20- 
35mm underwater zoom lens), freeze 
focus (which lets the camera's shutter 
snap automatically the instant that 
the subject swims into sharp focus), 
built-in motor drive and rewind, a 
bright oversize action viewfinder with 
illuminated f-stop and shutter-speed 
information, automatic aperture-prior- 
ity exposure, and a sophisticated flash 
system that includes remote-control 
operation and rear-curtain flash syn- 
chronization (for capturing the motion 
streaks behind moving subjects). 

The RS resembles the earlier V only 
superficially, in that they both have 
day-glo red trim on the back, front 
panels, and shutter release. The RS, 
however, is nearly three times the size 
and weight, is shaped like an oversize 
SLR, and could be mistaken for the V 
only at a distance. 

We had the opportunity to put the 
RS through its paces during an assign- 
ment last October in Belize, the only 
English-speaking country in Central 
America. 


JOHN B. CARNETT 


We dive with i 
a dazzling 
its mettle. 


BY DANIEL AND SALLY GROTTA 


PHOTOS BY DANIEL GROTTA 


WHAT THE NIKONOS RS CAN DO 


= E — 
| Ne aml by i 14 


Using the dà lens of " Nikonos RS sio R-UW AF Micro-Nikkor 
50mm f/2.8—photographers can capture life-size images of diminutive subjects, like 
this living conch. A wide-angle and a 20-35mm zoom lens are also available. 


» o 724 


Keeping elusive fish like this one in sharp focus becomes easier with the automatic Focus 
Tracking System, one of three different autofocus modes. The others are Single-Servo 
autofocus and Continvous-Servo autofocus. A freeze-focus mode can also be used. 


Relatively unspoiled and boasting the 
second longest barrier reef in the 
world, Belize is a mecca for hardcore 
scuba divers. Ours was the first RS 
seen south of the border, and it there- 
fore attracted much attention. 

Our first problem was packing for 
the flight down: The RS system is so 
new that as yet no one markets a fitted 
case to hold and protect the camera, 
lenses, strobe light, and accessories. Al- 
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though the RS body is made of a super- 
tough die-cast copper silumin oxidized 
aluminum alloy, its size, weight, and 
electronic/mechanical complexity actu- 
ally make it much more delicate than 
the rugged Nikonos V. Accidently drop 
the RS on the dock or bottom of the 
boat, and you're out of business. We 
ended up carefully wrapping each piece 
in towels and clothing, and stuffing 
them into two carryon cases rather 


than risk sending them through the 
luggage carousel in a dive bag. 

Loading the RS is both simple and 
tedious. The simple part is pulling the 
film leader out far enough to cover the 
take-up sprockets and then letting the 
camera automatically advance to the 
first frame. The tedious part is first ac- 
tivating a double-lock to open the cam- 
era's thick watertight back (which is 
sealed with a large "O" ring around the 
perimeter), then opening a second, 
conventional-style inner door. This 
double housing system is designed for 
better protection of the film and the 
camera's inner workings underwater. 


ecause colors begin to disappear 
B: a depth of eight feet and dis- 

solve to a faded blue below 45 
feet, most underwater photographers 
shoot with an electronic flash. Nikon 
introduced a new strobe—the SB-104 
Speedlight—to match the RS's ad- 
vanced capabilities. These include the 
esteemed Matrix Balanced fill flash, 
which automatically pumps out just 
enough artificial light for the picture to 
look as if it were made with natural 
ambient light. Other innovative SB- 
104 features include a fast re- 
cycle time of three seconds, 
modular-shaped quick-charge 
nickel-cadmium battery, 
built-in wireless slave, and 
rear-curtain sync capability. 
The only problem with the 
latter function is a design 
flaw that positioned the 
switch that toggles between 
regular and rear-curtain sync 
inside the watertight back, so 
it can be activated or changed 
only on the surface. That 
means you have to decide to 
use that option before you 
dive and can't turn it off until 
you resurface. 

Above water, the RS is awk- 
ward and heavy. When at- 
tached to the SB-104, the rig 
was too sprawling to balance 


safely on a seat or bench, so it had to sit 


on someone's lap or in the bottom of the 
dive boat. Underwater, the RS's weight 
and awkwardness immediately cea 
to matter—except when handing it off 
to another diver. Whenever one of us 
passed off the RS and strobe to the oth- 
er, our buoyancy would immediately 
change, and one of us would ascend 
several feet while the other would be- 
gin to sink. 

Because it features autofocus, auto- 
matic exposure, and a motor drive, 
theres a temptation to treat the RS 
like an expensive point-and-shoot cam- 
era. It's certainly possible to get consis- 
tent, perfectly exposed, and focused 

[Continued on page 116] 


What does it take to be 
“The World's Best Aerobic Exerciser”? 


B independently Adjustable 

Upper-Body Exerciser 

Upper-body exerciser works the extensor muscles 
of the back, trunk rotators, biceps, triceps, 
shoulders, chest and upper back unlike 


It takes a total-body exerciser. 
À machine capable of exercising all 
the major muscle groups in your body, not 
simply your legs like treadmills, exercise 


bikes and stairsteppers. Fete, hydraulic-cylinder rowers and 
treadmills, 
It takes a 
cardiovascular __, M Electronic Feedback 
exerciser. — S eossclaied TIS | 
= ! E asd ?"*/ elapsed workout time, 

- A machine that n jJ 4 speed and distance traveled 
utilizes enough _— T he at a glance to optimize your 
muscle mass to E i workout. 
readily exercise 


your heart, not 
simply specific 
muscle groups like 


P 4 E Stand-Up Position 

4 Natural upright position exercises the 
skeleton in addition to muscles, unlike 
treadmills and hydraulic-cylinder rowing 


weight machines. machines. 
It takes a weight- E independently Adjustable 
bearing exerciser. Lower-Body Exerciser 

A machine that Exon net woms E aee gp * 

jy: . muscles of the buttocks, thighs, hamstrings, 
utilizes the standing knee extensors, ankles and calves. 
position to exercise the 
joints and long bones E Non-Jarring Motion 
of the skeleton, not Smooth, jarless aerobic motion 
simply a few ensures maximum workout 
masclo efficiency while eliminating the risk 
; of injury to knees, shins and back. 

groups like 
sit-down E Smooth, Quiet Operation 
exercisers. 


Rugged wooden skis glide on 
hard, rubber rollers to ensure 


It takes a safe exerciser. smooth, quiet operation. 


A machine that can't damage your 
knees like stairsteppers, or your back like 
hydraulic-cylinder rowers, or throw you off 
like treadmills. 


It takes a stimulating exerciser. 

A machine that’s exciting and 
recreational to use. Not monotonous and 
repetitive like so many other machines on 
the market. 


It takes a NordicTrack". 
30-day in-home trial | 


E Adjustable Elevation 


Adjustable front legs raise the front of the 
machine to intensity your workout. 


E Patented Flywheel 

Patented flywheel and one-way clutch mechanism 
provide continuity of motion, making vigorous 
exercise more pleasant and easier to sustain. 


or write: NordicTrack, Dept. 280F3 


; :: | 104 Peavey Road, Chaska, MN 55318-9852 
Models priced from $339” | 2 Please send me a FREE brochure 
f J Also a FREE VHS videotape 
m | Name 
ordicjrack \«: 


A CML Company | city 
| Phone ( ) 


Zip 


©1993 NordicTrack, Inc., A CML Company * All rights reserved. 


Save Money 
on Solid Hardwood Furniture 
DO-IT-YOURSELF KITS 


Now, you can furnish your home with the very finest solid  $ 
cherry and oak furniture, and clocks, at a fraction of retail | 
cost. 


Imagine a bedroom in solid cherry at a cost of hundreds, 
instead of thousands. 


Picture your living room in n Anne Styling. Ta 
lon biy. secretary desk. All his from play aoasienibhe ts 
and easy-to-apply finish. 


All parts pre-cut. All frames, doors pre-assembled for you. 
Thousands of satisfied customers. 
EMPEROR’ 


CLOCK COMPANY 


Name: 

Street 

City: 

State: Zip: 


uy 


WORLD'S LARGEST MANUFACTURER OF 
GRANDFATHER CLOCK AND FURNITURE KITS 


Dept. 4705 p Industrial Park 
Falrhope, AL 36532» Tel: 205-928-2316 


FREE Video and Brocbure 


__ State io 


icat 1-800-328-5888 rx. rst 


ne i crue pere T EeTEr eror 
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Solar Security Light 


az, HOME GUARD" flood light 
e» monitors movement up to 
vu 65 feet away. A 15-foot cord 
: allows you to place the solar 
panel in the sun. No connection 
to house wiring. ltem# 33227 


Sale ' 


10 Watt 
Solar Panel 
1 x 3-foot Amorphous 
PV Solar Panel. 
Delivers 14.5 Volts 
at 690 MA. 


ltem# 0393 


Solar Security Light 

| Up to 12 hours of nighttime 
light on 6 hours of daylight 
| charging! 5" Hx 9"W x 3" D. 
Position solar panel up to 
12" away from light . a m aman 
ltem# 33432 Sale T FE" 


Mi D Gas Engines | 
Y- | Lowest Prices! 
=a 1,000's in Stock! 


Vertical or Horizontal 


s 11 HP 


8 HP $5079 
#6081 #7011 Sale 22 


15-Gallon 


E 
Spot Sprayer P,- 
SA 55 Psi ya GPM. Rune animis 


Sprayer mounts on any 
ATV or garden tractor 
with a 12V system. 

| tem# 2681 —" 


Swing-Away 
Trailer Jack 
Heavy duty screw-drive 
with side crank. 23" lift. 
800 Ib. tongue weight 
capacity. 
Items 12748 


Sale 29 


zg 1500 PSI 
} Pressure Washer 
312 HP Briggs and Stratton 
«4 engine. Pump blasts 
"EM. 2.2 GPM at 1500 PSI. 
"198 Item# 157159 
er re $^ =F (99 


sale wig 


2" Water Pump 
B,400 paons per hour. 

3 HP rigos engine. 

28' max lift. 94" head. 

2" suction and discharge. 
AP220. ltem#10996— ms 


= Shipping not included. 


" N i 
i ame  — i 
| Address | 
' City State Zip i 
i Key #21937 SEND TO: NORTHERN, i 


P.O, Box 1219, Burnsville, MN 55337-0219 
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If you've been waiting for the 
PERFECT time to buy Tufoil, 
NOW’s the time! Check the 
coupon below for details and 
REALLY change your oil...into 
a patented engine treatment. 


1-800-922-0075 
ORDER TODAY 


TOTAL COST YOUR FREE GIFT | 
$ 17.75 
$ 30.00 


$ 39.95 
$ 132.00 


l YOU BUY 


|. 1 8-OUNCE 
]. .28-OUNCE 
Il. 1 QUART 

| 1 GALLON 


=> 1 8-OUNCE FREE 
=> 1 8-OUNCE FREE 
=> 2 8-OUNCE FREE 


| Here’ s my check __ , money order __ , credit card __ for $ 


| VISA — MC... AM.EX __ # 
| NAME 

| STREET ADDRESS 

[em STATE, ZIP CODE 


| IF Fluoramics, TMC. 18 industrial Avenue N.J. residents, add 6% sales tax. 


Mahwah, NJ 07430 MONEY BACK GUARANTEE ON 8 oz. | 


Exp. — 


decida DRM eet omo mes ihr lom mmi cq. | 


Build Your Own 
Home and Business 


Start Your Own 
Business by 
Capitalizing on the 
Exploding Growth of 
Steel Framing in 
Residential Construction ! 


Experts Agree, the Potential for Steel Framing in Today's Residential 
Construction Market is UNLIMITED, and Growing Fast. Join Tri-Steel, 
the 17 year Industry Leader. Start by Building Your Own Home. 


Distributors Wanted in select areas 


It's Easy to Start with: 

* No Franchise Fees 

* Financing Available 

* Extensive Hands-On Training 
* No Experience Necessary 

* Construction Assistance 

* Low, Refundable Investments 
* Complete Technical & Support 
* Homes, Commercial & Small Buildings  * 100 Standard Models or Custom Designs 
= And Much, Much More... * Clearspan Interiors 


(Call Today to Order a $19.95 Tri-Steel 
\ Video or a FREE Information Packet: 


Tri-Steel Homes feature: 
* Fast, Simple Bolt-Together 
Construction 
* Segni Protection from 
Fire, Wind, Earthquake and Termites 
* Energy Efficient 9" Thick R-30 Insulation 
* Steel is Environmental 
Friendly, Saves our Trees 


or call (817) 497-7070 Fax: (817) 497-7497 


7 or Visit Us at: 5400S. Stemmons Freeway, Denton, Texas 76205 C. Copyright 1992, Ad Righus Reserved 
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Underwater wizardry 
[Continued from e 114] 


images by letting the camera's elec- 
tronics make all the decisions, but that 
defeats the purpose of buying such a 
versatile system. 

Actually shooting with the RS is an 
underwater photographer's dream. 


| Rather than being defeated by the 


equipment's limitations or having to 
work around them, we were able to try 
new techniques and easily capture 
what would have been marginal or lost 
shots with any other camera. For exam- 
ple, with the 50mm macro lens, we 
were able to swim within two inches of 
small fish or shrimp and allow the cam- 
era to bring them into perfect focus. At- 
tempting the same thing on our Niko- 
nos V requires a set of extension tubes 
and a frame that fits in front of the 
lens—something that can not only dis- 
turb the sea life you're trying to photo- 
graph, but actually can damage the del- 
icate coral where the frame touches. 

Most fish are skittish around divers. 
The closer you get, the more likely 
they are to bolt. Rather than swim- 
ming in close and possibly scaring off 
the subject, the Nikonos zoom lens al- 
lows the photographer to hover at a 
safe distance and adjust the focal 
length so the fish fills the frame. 

In addition to three available auto- 
focus modes, there's Freeze Focus, es- 
pecially suited for camera-shy sub- 
jects. In this mode, the photographer 
sets the camera focus manually for a 
region the quarry is likely to swim 
through, then stops moving the cam- 
era. When the unwary subject inter- 
cepts the plane of focus, the shutter is 
tripped automatically and the expo- 


| sure is made. 


As wonderful as autofocus is under- 
water, it's virtually useless when the 
water is murky or if the subject you're 
shooting doesn’t provide enough con- 
trast. Fortunately, the RS's servo-assist- 
ed manual focus button is fast and sure, 
and the oversize high-eyepoint viewfind- 
er is bright and visible in any situation. 
And the price? 

Had we a few thousand extra bucks 
(the RS body alone lists for $3,154; the 
zoom lens, $3,007; and the speedlight, 
$1,693), we would have loved to re- 


| place our Nikonos V with an RS sys- 


tem. And there's the rub: The RS is 
very pricey, though not out of line 
when compared with other fine camera 
systems such as the Hasselblad. Is it 
worth it? Not if all you plan to do is 
shoot once or twice a year on a diving 
vacation. Absolutely yes if you are a se- 
rious photographer and want the 
fastest, easiest, most flexible, and most 
advanced underwater camera system 
in existence. PE 
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Fuel cell update 


[Continued from 91] 


The cells are so small and so thin that 
16 of them stacked one on top of the 
other stand only one inch high. Hun- 
dreds packed together into a U-shaped 
housing comprise the company's basic 
25- kilowatt unit. 
The ridged inter-| 
connecting discs 
and the system's 
design allow for 
rapid start-up 
and efficient heat. 
extraction, says 
Hsu. 

He foresees a 
portable, 2.5- 
megawatt solid 
oxide fuel cell) 
plant that would 
fit on the back of| 
two 18-wheel trac- 
tor trailers that] 
could easily dove-| 
tail into an exist-| 
ing cogeneration| 
plant. "We need 
one pipe loop for 
fuel and air to 
run the stack, 
and another to 
take steam to the 
turbine," says 
Hsu. The compa- 
ny plans to have| 
the system run- 
ning by 1998. 

Despite the 
bright future that 
seems to be right | 
around the cor- 
ner, fuel cells 
have been "just 
around the cor- 
ner" several times 
before, cautions 
John Appleby, di- 
rector of the Cen- || 
ter for Electro- 
chemical Systems 
and Hydrogen| 
Research at Texas 
A&M University. 
Preparing them 
for prime time in 
the marketplace, 
he says, means 
making these de- 
vices less complex 
and boosting the 
amount of elec-| 
tricity generated 
per cubic foot of stack. 

Stack degradation poses another 
major problem. Impurities in the fuel 
stream gradually plug tiny pores in 
the electrodes, impeding the crucial 
flow of hydrogen and oxygen ions. 
This slowly but inevitably reduces a 
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stack's electrical output. Manufactur- 
ers are aiming for stacks with life 
spans of up to 40,000 hours. But that 
still means replacing the entire stack 
every five to seven years. 
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Perfecting the technology may actu- 
ally be easier than clearing the eco- 
nomic and business hurdles that stand 
in the way of fuel cell commercializa- 
tion. Cost is the bottom line. The sys- 
tems operating in California run about 
$2,900 per peak kilowatt. Convention- 


ally generated electricity costs about 
$1,500 or less per peak kilowatt. 

EPRI’s Edward Gillis calls the situa- 
tion a "classic chicken and egg situa- 
tion." Without orders for fuel cells, 
manufacturers 
cant afford to au- 
tomate produc- 
tion, so most are 
handmade, a pro- 
cess guaranteed to 
keep prices high. 
Yet customers 
wait for prices to 
|fall, which won't 
happen until 
mass production 
begins. So far, 
three of the larger 
companies—In- 
ternational Fuel 
Cells, Energy Re- 
search Corp., and 
M-C Power—have 
built semiauto- 
mated manufac- 
turing plants ca- 
pable of producing 
about 12-mega- 
watts worth of fu- 
el cells a year. 
Arthur D. Little 
analyst Peter 
| Teagen estimates 
that a company 
needs to make 
|about 200-mega- 
watts worth of 
stacks a year to 
cut retail costs by 
half. 

Still, many fac- 
tors dramatically 
shift the cost-ben- 
efit equation in 
favor of near-term 
commercializa- 
tion, say manu- 
facturers, poten- 
tial customers, 
and even realists 
like Texas A&M's 
John Appleby. Be- 
cause they don't 
generate nitrogen 
oxides or sulfur 
oxides along with 
electricity, fuel 
|cells escape the 
cost of expensive 
iscrubbers ‘and 
pollution-control devices imposed on 
fossil-fuel generators. In some cities, 
fuel cell operators can even sell the 
“rights” to the pollutants they could 
have released under federal guide- 
lines to companies that are unable to 
meet emissions standards. In many 
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cases, the levels of carbon monoxide 
and sulfur dioxide exhaust from fuel 
cells are actually lower than those in 
the air that feeds them. 

Fuel cells also offer a modular way 
to meet some of the 89,000 megawatts 
of new generating capacity that the 
North American Electric Reliability 
Council estimates the United States 
will need by the year 2000. The cells 
can almost invisibly generate electrici- 
ty where it's needed, say at a new 
shopping mall or in a subdivision. That 
eliminates the need for costly new dis- 
tribution lines, which can run $50,000 
per mile, or high-tension transmission 
lines with a minimum price tag of $10 
million per mile. Throw in the in- 
evitable current losses that occur when 
electrons are shipped over long dis- 
tances, and "electricity generated for 
$2,000 per kilowatt on-site ends up 
costing about the same as electricity 
generated for $1,000 per kilowatt at a 
huge central power plant," says Carl 
Weinberg, manager of research and 
development for Pacific Gas & Electric 
Co., in San Francisco. And the fewer 
wires overhead, the less people worry 
about the possible ill effects of electro- 
magnetic radiation, he adds. Finally, 


large fuel cells are being designed with | 


one curious parameter that says a lot 
about their potential market: When 
loaded onto flatbed truck trailers, they 
can fit under bridges and road over- 
passes, facilitating their delivery to 
anywhere in the country. 


Banking on the future 


Fuel cells have one quality that's 
hard to factor into the cold calculation 
of cost and benefit: They are practical 
solutions that capture the imagina- 
tion. Take Thomas Damberger, an en- 
ergy specialist for Kaiser Permanente, 
one of the country's largest health 
maintenance organizations based in 
Oakland, Calif. His job is to make sure 
Kaiser's offices, clinics, and hospitals 
get the electricity and hot water they 
need at the lowest cost, with the high- 
est reliability, and with the least pollu- 
tion. His choice? Fuel cells. Kaiser is 
currently testing 200-kilowatt phos- 
phoric acid systems at its medical cen- 
ters in Anaheim and Riverside, Calif., 
and hopes to install a small solid oxide 
fuel cell next year. Also in the works 
are plans to install a two-megawatt 
molten carbonate fuel cell at a new 
Kaiser medical center that will be 
completed in 1996. 

“We are no longer looking at other 
cogeneration or alternative-energy 
technologies,” says Damberger. “We 
see fuel cells as the power source of 
the future." 
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Fear of blood 


Somatogen Inc., a start-up company 
in Denver, is in safety trials with a 
hemoglobin product that is made by 
genetically engineered bacteria. It also 
has had a mutation introduced to pre- 
vent the chains from falling apart and 
to increase its oxygen-carrying capaci- 


| ty by 30 percent. 


“In animal studies, where we've giv- 
en up to ten times the amount we 
would give in human trials, we 
haven't seen any kidney problems or 
toxicity" says Steven Shoemaker, a 
vice president at Somatogen. His 
schedule: early trials with surgical pa- 


tients in 1993, progressively larger- 
| scale trials in 1994, and a request for 


Food and Drug Administration mar- 
keting approval in 1995. 

Carl Rausch, president of Biopure 
Corp. of Boston likes his company's 
technique better: cross-linked, puri- 
fied hemoglobin from cattle. Biopure 


| has a patent on the process and $80 


million in venture-capital backing. 


| But the company had to stop human 


testing in 1991 because of side effects. 
Rausch says the product has been re- 
formulated to eliminate the side ef- 
fects and that the company will soon 


| start new human safety tests. 


Transgenic swine 


Paul Smith of DNX, a start-up com- 
pany in Princeton, N.J., says his scien- 
tists have a better idea. They have in- 
serted human genes into swine, so 
that their red blood cells contain 15 to 
20 percent human hemoglobin. DNX 
will bleed the pigs, separate out the 
human hemoglobin, and cross-link it 
with techniques licensed from 
Columbia University and the Univer- 
sity of Maryland. "We have hundreds 
of swine at a location in Ohio," Smith 
says. "We are starting to breed enough 
to do animal testing. We plan human 
tests in 1994." 

This may seem like science fiction, 
Smith says, but it's more effective 
than conventional genetic engineer- 
ing, in which the human hemoglobin 
gene is inserted in bacteria. 

À South Plainfield, N.J., company 
called Enzon has a different technique 
for bovine hemoglobin: It tags the 
molecule with a polyethylene glycol 


| (PEG) chemical group. PEG prevents 


the hemoglobin from passing through 
the kidney and makes it circulate 
longer in the blood, says Donna Chap- 
pina of Enzon. The company plans its 
first human tests in 1993. 

Biopure, Enzon, and DNX face the 
same problem: uncertainty about any 
molecule derived from an animal. 
Skeptics doubt that 100 percent ani- 
mal hemoglobin can be cleansed of all 


animal viruses and of foreign proteins | 
that would provoke an immune at- 
tack. A lot of this hemoglobin product 
is transfused into a human patient, | 
it's pointed out, so any small problem 
is quickly magnified. 


The Teflon connection 


An end run around the hemoglobin 
problem is being pushed by Alliance 
Pharmaceutical Corp. of San Diego. 
Its product is an oxygen-carrying per- 
fluorocarbon emulsion that's a chemi- 
cal relative of Teflon. Alliance doesn't 
even call its product a blood substi- 
tute. "This is a drug delivery system," 
says Duane J. Roth, Alliance's presi- 
dent. "The drug we're interested in is 
oxygen. None of these products is a 
blood substitute. They're oxygen-car- 
rying drugs that meet a temporary 
need." 

Perfluorocarbons can hold a lot of | 
oxygen. As far back as 1966, scientists | 
showed that a mouse dunked into a | 
tank of perfluorocarbon wouldn't | 
drown. Because they could easily ab- 
sorb oxygen from it, mice could swim 
in the chemical for hours. A perfluoro- 
carbon has been approved for medical 
use in the United States, but only for 
a very limited purpose—to help in- 
crease the blood supply to coronary | 
arteries when a patient has artery- | 
widening balloon angioplasty—and | 
it's so hard to handle that sales have | 
been minuscule. | 

Alliance says it has a better perfluo- | 
rocarbon, which carries five times | 
more oxygen per unit volume than the 
existing product, and can be stored at | 
room temperature for a year. The | 
biggest side effect of Oxygent in hu- | 
man patients is flu-like symptoms, but | 
animals that received large doses had | 
enlargement of the liver and spleen | 
and temporary lung enlargement. | 

Those problems aren't showstop- 
pers, Roth says. Perfluorocarbons are 
stored only temporarily in the liver 
and spleen and eventually migrate to | 
the lung, where they are breathed out | 
harmlessly. Alliance plans to resume | 
human safety tests this year and to 
have a marketable product by 1995 or 
1996, Roth says. | 

With all these efforts, there's a 
growing feeling that one or another 


W. Adamson, president of the New 
York Blood Center, “the basic reliance 
will still be on humans. While all 
these technologies have an enormous 
amount of intellectual attractiveness, 
the bulk of hemoglobin will still come | 
from humans. After all, we are still | 
the cheapest factory to make i us i 
blood that has yet been identified." ms 


will succeed. And yet, explains John | § 
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Virtval reality 
[Continued from page 86] 


up at a monitor, the physician can vir- 


| tually see through the patient. 


"The advantage for the doctor is that 


| hecan see the three-dimensional posi- 


tion of the baby in the mother's body," 
explains Gary Bishop, a research asso- 
ciate professor at the university. ^Sup- 
pose he wants to stick a needle in there 
to do a biopsy. He wants to make sure 
he hits the right place." Bishop is talk- 
ing to neurosurgeons about using an 
HMD during brain surgery. ^With this 
system, the surgeon holds the probe, 
sees the tumor underneath, and knows 
the angle to go in." 

The government might in fact fund 
medical virtual reality projects, in- 
cluding schemes that allow doctors to 
treat patients who are at faraway lo- 
cations. The National Competitive- 
ness Act of 1993 cites health care as 


“showing particular promise for virtu- ` 


al reality." In that regard, the act 
would allot $210 million over the next 
five years to create prototypes of *visu- 
alization technology" and develop 
"databases of remote-sensing images" 


over computer networks. Proponents 


of the bill argue that there isn't likely 
to be a more socially redeeming way to 
use the yet-to-be-built data super- 
highway. In addition, virtual reality 
research will ultimately save taxpay- 
ers money since doctors' productivity 
and the quality of their health care 
will, theoretically, improve. The bill, 
sponsored by Sen. Ernest F. Hollings, 
came out of Senate hearings conduct- 
ed by then-Sen. Al Gore into virtual 
reality in 1991. 


Curing cybersickness 


Carting a copy of the bill with him 
from Washington to a virtual reality 
conference in New York where we met 
was James P. Jenkins, program man- 
ager for Human-Systems Technology, 
NASA's department for developing an 
ever-better interface. 

Over oysters, Jenkins dispelled a 
few myths. One is that cybersickness 
can be equated to space sickness. 
Jenkins claimed that any discomfort 
people reportedly experience is a di- 
rect result of sluggish system perfor- 
mance and a low-resolution display. 
"All you need is a better system," he 
explained. 

The other myth is that virtual reali- 
ty will rob NASA of manned space mis- 
sions. “On the contrary,” says Jenkins, 
“it enhances a trip to Mars. How else 
do you expect astronauts to keep their 
skills from rusting after being cooped 
up in a capsule for at least eight 
months?" They can continue to prac- 
tice descending to the planet surface 
and roaming about in a land rover, as 


well as use the on-board virtual reality 
system to relax during the long trip. 

Astronauts might also use virtual 
reality to explore distant worlds by re- 
mote control, just as scientists at 
NASA Ames last year explored a lake 
in Antarctica. The scientists coped 
with a 1.8-second delay, the time it 
took for signals from an HMD to 
bounce off a satellite to a drone subma- 
rine at the bottom of the lake. But you 
would have to wait 20 minutes for a 
signal from Earth to produce an action 
on Mars and another 20 minutes for 
visual confirmation that the command 
had been executed properly. Real-time 
responses belong to those who actually 
land on Mars—or at least on one of 
Mars' moons—and control the remote 
from close at hand. 


Inner space 


Virtual reality will not only help sci- 
entists travel to outer space, but also 
to the microscopic worlds within 
molecules. At the University of North 
Carolina, I put on an HMD and en- 
countered a molecule large enough to 
fly through. I could grab it and turn it. 
I had either shrunk to subatomic size 
or this was one enormous protein. As 
research professor William Wright ex- 
plained later, 2-D computer simula- 
tions of chemical structures aren't as 
intuitive to scientists as traditional . 
ball-and-spoke hand-held models. 
However, by modeling such structures 
in a virtual 3-D space and employing a 
force-feedback arm that responds to 
the computed attractions and repul- 
sions of particles in proximity, HMD- 
fitted biochemists can determine more 
effectively how complex proteins best 
fit together. 

The University of North Carolina 
has its own virtual kitchen too. I 
walked under a 10-by-12-foot electron- 
ic ceiling that tracked my position. The 
sink, cabinets, and counter were all il- 
lusions, or so I thought, until I walked 
into a chair—and felt something hard 
at my leg. The graduate students were 
just having fun. One had placed a real 
chair in my path just to see my reac- 
tion. Fred Brooks, a professor, mean- 
while, was in the process of remodeling 
his own kitchen by first constructing a 
virtual one. 

While architectural walkthroughs,. 
training, and medical applications are 
dominant areas of virtual reality re- 
search, entertainment could be what 
puts it on the map. If you've encoun- 
tered virtual reality at all, it's likely to 
have been in a mall or arcade. 

Trying to maneuver in a low-resolu- 
tion HMD, like the helmet I wore 
while playing Dactyl Nightmare, is the 


equivalent of being nearly legally 
blind. The experience is like clamping 
empty jelly jars to your eyes and trying 
to touch the tip of your nose with a yo- 
yo. Sometimes it hits, but more often 
than not you're left holding the string, 
wondering: Is this as good as it gets? 

I did, by the way, subsequently try 


Dactyl Nightmare without glasses ata | 


quieter setting. Though I could hear 
myself exploding better, I couldn't see 
any better. "Virtual reality is a great 
argument for contact lenses," quips 
Andy Halliday, president of Edison 
Brothers Mall Entertainment in St. 
Louis, the game's distributor. 

You can feel pretty uncoordinated 
too. After donning headgear and pick- 
ing up an airborne mouse at a demo for 
Autodesk's Cyberspace Developer Kit 
in San Rafael, Calif., I failed to put a 
virtual U-joint together. All my usual 
visual and tactile cues were missing. 
The mouse supposedly offered six de- 


grees of freedom. I felt like I didnt |- 


have any. 
The next generation 


Fortunately, the realism of virtual 
reality is improving all the time. For 
those who might have been turned off 
by the low resolution of Dactyl Night- 
mare, there's a more sophisticated al- 
ternative based on the television series 
Star Trek: The Next Generation. 
Called StarPost, it's due to open later 
this year. A lighter-weight HMD will 
offer triple the number of pixels and a 
wider view. You will enter a trans- 
porter room and use the HMD as a 
means to beam down to a planet. Spec- 
trum Holobyte, a computer games 
company in Alameda, Calif., is devel- 
oping the software. A key component is 


a powerful computer called the Reality | 


Engine from Silicon Graphics, which 
makes high-end workstations. (In con- 
trast, each Dactyl Nightmare station is 
run from an Amiga computer.) A more 
ambitious 30,000-square-foot facility, 
called United Federation of Planets: 
Star Base, is also planned. Halliday 
says Star Base won't open until the 
end of 1994. | 

"Virtual reality is where personal 
computers were in '79," declares Ben 
Delaney, editor and publisher of Cy- 
berEdge Journal, a newsletter based 
in Sausalito, Calif. “PCs back then 
. were slow. They didn't do much. They 
crashed a lot. But you could start to 
see the promise. Ten years later every- 
thing was changed. Virtual reality 
may have a little longer gestation pe- 
riod, but it has the same potential." 
Additional reporting by Dennis 
Normale in Tokyo. 


NORDICFLEX 


ADVANCED DESIGN FOR 


A SUPERIOR WORKOUT 


NordicFlex Gold™ advances the science of strength training 
to bring you truly revolutionary results. 


GET A FASTER WORKOUT, FASTER RESULTS. 
NordicFlex Gold uses its patented isokinetic 
resistance mechanism that automatically adjusts to the | 

amount of force you apply. You spend 40% less 
a time between exercises than with Soloflex*. 


And research proves isokinetic resistance 
builds lean muscle 70% faster 
than rubber band systems or 


bh £ 1 ; T L4 
» F. free weights. 


b A ac ' The ergonomically correct ; 

linear exercise motion isolates aNs 

| the muscle group you want to Pad 

build for maximum results. Brake Shoe 
Plus, the NordicFlex World Class" Self-Retracting Pulley | 


Edition offers additional 
features to enhance your 


Patented Isokinetic sin nil p 


workout 
ne E PS including the 
EL Es FREE Video and Brochure | 
mou. Call 1-800-445-2360 Ext. 18KF3 | 
yeu oc Forwrie: NordicTrack, Dept. IBKF — 


Dos 104 Peavey Road, Chaska, MN 55318-9852 
30- day in-home trial | " pm me a free brochure O Also a free VHS videotape 
Best of all...it's from NordicTrack! | | — 


© 1993 NordicTrack, Inec., A CML Company | City | state Zip 
All rights reserved. "Registered trademark of Soloflex, Inc. i Phone ( ) = 


LEARN VCR 


SVLSTES.) PRO SERIES™ 
BIG ROCKETS! 
BIG FUN 


Cleaning/Maintenance/Repair 
Earn up to $1000 a Week, Working 
Part Time from Your Own Home! 


secrets Revealed! . 

NO Special 
Tools or 

Equipment 

e Needed... 

IP Train at Home 
—» in Your Spare 


me Time! 

IF you are able to Walk with common small hand 
tools. IF you poss average mechanical ability, 

and havea VCR on which to practice and learn...then 
we can teach YOU VCR Maintenance and Repair! 
FACT: Up to 90% of all VCR malfunctions are due 
5 simple Mechanical or Electro-Mechanical break- 

owns! 
FACT: Over 86 million VCRs in use nationwide! 
Average VCR needs service or repairevery 12 to 18 
months! 
For FREE Information Package! 


Send coupon to: Foley-Belsaw Institute of VCR Re 
At 62035, 6301 Equitable Rd., Kansas City, MO 126 


Ages 16 and up 
AT YOUR LOCAL HOBBY DEALER NOW! 


[] Please send me a Pro" Series Model Rocket Brochure | ae w Since 1926 Dept. 62035 
with cash rebate offer plus an Estes model rocket i 

catalog. I have enclosed $1.00 shipping & handling. | | O Check for FREE Lifetime Career Kit on VCR Repair. | 
Name" iom P 3, P [| | Name 

Address Eu | i Address | 
City State — Zip | | city | 
Send to: ESTES INDUSTRIES, Dept P5900 | 
1295 H Street, Penrose, CO 81240 | E ey | 
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Shoppers' Showcase 


A selection of products and services for POPULAR SCIENCE readers 
are available directly by mail. Enjoy the fun and convenience of mail 
order shopping. Please order directly from the advertiser. For 


advertising rates for this section, write or call Diane Pahl, Direct 
Response Manager, POPULAR Science, 1000 Town Center, Suite 
1830, Southfield, MI 48075; (313) 350-3800; fax # (313) 350-3557. 


swine WATER WATCH C- 


RUNS ON ORDINARY TAP WATER! E. 
e NO AERE QU = NO WINDING EVER Sz 
| THE ORI DCS Fl R POWERED” y 
WATCH, ENVIRONMENTALLY FRIEH OLY! 
SLEEK, CONTEMPORARY, SPORTY 
STYLING. PERFECT FOR EVERYDAY! 
SELLS LIKE 
| FORDETAILS & SAMPLE: SEND $19.95 4 $3.00 VH 
| RETAIL $19.95 — $29.75 
HOWARD INTERMATIONAL, DEPT. 476 
P.O. FOX 3324 = LENNOX, CA 90304 


Earn $4,000 Per Month 
From Your Home 


With A Computer! 


Begin part-time and still retain the security of your 
present position. We offer 20 services you can | 
perform for your community from your home. No | 
experience necessary—easy to learn. We provide 
training and computer. For FREE explanation 
cassette and literature call: 


1-800-343-8014, ext. 109 


Computer Business Services, Inc. 

— E— SEEKS (GN SO GEO CANNA 

Save on cable rental fee SN 
| CABLE TV | 


DESCRAMBLERS 


| WE'LL BEAT | 
| ANY PRICE! | | 


r RRO du smell 


. QAK-PIONEER-SCIENTIFIC ATLANTA 
*24 HR SHIPMENTS! — *QTY DISCOUNTS! 
MASTER CARD * AMEX * VISA * C.O.D. 


1-800-284-8432 ! 


Have make and model number of 
equipment used in you area ready. 
All Shipping & Handling Fees at Customer's Expense. | 


CABLE WAREHOUSE 


10117 West Oakland Park Blvd., Suite 515, Sunrise, FL 33351 
(NO FLORIDA SALES) 


"s sum um m m mn n mus 5A 


PAINT REMOVAL. 
and SANDING TOOLS 


e POWER TOOLS FOR 
ECOLOGICALLY SAFE 

» REMOVAL OF PAINT 
e STRIPS 1 SQ. FT. IN 15 SEC. 


TM 
$344 SANDER VAC "3; 
e FOR DUST-FREE SANDING 7 
OF MOST SURFACES. INDOOR 
and OUTDOOR USE. 


AMERICAN INTERNATIONAL TOOL IND., INC. 
1-800-932-5872 (401) 942- 7855 
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FREE CATALOG! 1-800-648-7938 
JERROLD HAMLIN OAK ETC 


CABLE TV isi skncdidae. 


pecie ric : 
Prices! è , Guaranteed Prices & wanes 
* Orders Shipped Immediately! VISA/MC OK! 


REPUBLIC CABLE ,PRODUCTS, INC. 
4080 Paradise Rd #15, Vegas, NV 89109 
For all other in odit (702 7 3628026 | 


Be The Boss | 
of a Locksmith Business 


Get Started now, FREE ‘E 
Lifetime Security Kit tells g5 
' how to make an extremely 
good income. Send coupon 
to: 
Foley-Belsaw Company 
Dept.12314, 6301 Equitable Rd. 
Kansas City, MO 64120-1995 
Name 
Address 
City 


State — 
Since 1926 
SS SS 


Zip 


PX RADAR JAMMERS 


“MAKES ANY VEHICLE ELECTRONICALLY 
INVISIBLE TO POLICE RADAR" 


‘ECLIPSE’ 


[TRI-BAND JAMMER) 


LJ 10096 LEGAL 


QI OPERATES ON NS 
X, K, AND KA BANDS 


(J UTILIZES Oe REA -THE-A 
“PASSIVE HE RADIATION" TECHNOLOGY 


LJ PROTECTS FROM ALL INSTANT-ON RADAR 
TO ORDER CALL: 


1 (612) 783-1666 


T.E.K. DISTRIBUTORS * 7928-B UNIVERSITY AVE 
FRIDLEY, MN 55432 


WOOD HEAT 


WOOD FURNACES 
HEAT YOUR ENTIRE HOME 


Call 1-218-326-6786 or Write 


Charmas' ter® 


2307 C H 
GRAND RAPIDS, MN S544 | 


| for making Ornamental 
Concrete Items 


| Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from the world's 
largest mold manufacturer. 


CONCRETE MACHINERY CO., INC. 


P.O. Box C99, Hickory, NC 28603 


SINGERS! ensi A 
Unlimited Backgrounds" , 


From Standard Records E CD's with the i 


Thompson Vocal Eliminator™ Call for Free = 


Singer's Supply, Dept PS-1' 7 
7985 Hightower Trail 
Lithonia, GA 30058 a 

24 Hour Demo/Info Request | L 

Line A -2465 Ext 60 .' 

Singer's ly - We Have / 


Control Water Weeds 
Amazing Underwater Harvesting Tool 
the WATER-WEEDER Harvester 

Cut aquatic vegetation from a boat, from 

à dock or simply by wading in from shore. 

"Works just like a hedge- 

trimmer underwater.” 

Call or write today for FREE $ | 
information package. M. 
TOLL FREE t 
1-800-552-1217 
Waterside Products Corp. 
P.O. Box 876B, 

Lake Mahopac, 

New York 10541 
Satisfaction 
Guaranteed 


or money 
| back! 
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Build your own 
Pre-cut dome home kits in a variety of floor plans up 
to 3,000 sq. ft. Complete kits start as low as $6, 120. 
Attractive, easy-to-assemble, energy-efficient. $12 for 
a new 100-page catalog package. Color video S8 more. 


£5 TIMBERLINE GEODESICS: 


[ 2015 Bloke St., Berkeley, CA 94704 1-800-DOME-HOME | 


SEE THE MAGIC OF THE UNIVERSE! 


Vise galaxies, colorful nebulae, the solar system and 
| sar of mp objects are yours using large affordable 
Odyssey telescopes. 8° telescope complete only $275! “Best Buy" 
Astronomy Magazine Dec. 1991! Sizes up to 17.5"! Ask for free 
IE that includes a telescope tester and an Odyssey 
telescope aperalions manual. See it now! 


COULTER OPTICAL, INC. FO. Box K, Dept. PS. 
idvilwild, CA 92548 Phone (909) 659-4621 
"Optimum Optics At Minimum Cost Since 1967" 


SURVEILLANCE 


COUNTER SURVEILLANCE pipes Devices 
Mini Transmitter Kits.. $29.95 & up, Voice Changers, 
Vehicle Tracking, Touch Tone Decoders, Phone Scramblers, 
Caller ID's, Scanners, Bug & Phone Tap Detectors & More! 


TELEPHONE RECORDING SYSTEMS 
Standard / Extended play available.. $99.00 & up. 


FOR CATALOG SEND $5.00 TO.. 
ODD ro. Box 337, Buffalo, NY 14226 (716) 691 -3476 


"NO is DL METER, 2 Hr HIGH 


DO IT ALL YOURSELF 
Cut your own plywood connectors. 
tes and panels, and buld this 
beautiful dore in less than 

2 weeks for $450. 


Use for Garage, Workshop or make | 
into Guesthouse. Select larger size | 
and bulld a Dome Hong 


Fer 27-page Instruction book 
send $f to 


> KEY DOME, Dept. P5836 
: ay, PO Box 430283 Miami H. 33143 


FOR SPEEDIER DELIVERY 
PLEASE USE YOUR 
ZIP CODE 


FREE CATALOG! 1-800-345-8927 
JERROLD HAMLIN OAK ETC. 


CABLE TV DESCRAMBLERS 


e Special Dealer Prices! + Compare Our Low Retail Prices! 
* Orders From Stock Shipped Immediately! 
e Guaranteed Warranties & Prices! © All Major Credit Cards 


PACIFIC CABLE co. 


732512 Reseda, Dept.14 
For catalog, orders & onat 1-800-345-8927 


PHONE SCRAMBLER 


| Price Breakthrough! Complete 2 Unit System Just $179.00. 
Small & portable. Modular units plug into telephone. Make 
conversation unintelligible by eavesdroppers until 
descrambled at other end. FCC registered, UL listed, 
warranty, money back quarantee. Add $5.00 ship per order 
from: DutchGuard, Dept. DP-6, P.O. Box 411687 Kansas 
City, MO 64141  MC/Visa (800) 821-5157. 


| Tan At Home! 
Home & Commercial 


WOLFF 


TANNING BEDS | 


Call fora FREE color catalog 
and wholesale pricing! 


| 1-800-462-9197 


LocitéMiTH 


EARN WHILE YOU LEARN—SEND FOR FREE BOOK 
Big opportunities. Big profits. Earn quickly. Full or part time. Learn at 
home, it's easy. Do real jobs while you learn. All Toola—Materials Sup- 
Approved by NJ Dept. of Education. Sand name and address for 
REE book No salesman will call, 


LOS dete, inate E 


116 Fairfield fiend. Fairfield. NJ 07004 
Dapt. 1 rum WB 


CUPIME FII AL 
TECHAACAL 
STITUTE 


a Ley ENA fA 


EXCESS “caer 
EDUCATES KIDS 
Turn your excess inventory into a 


substantial tax break and help 
send needy kids to college. 


Call for your free guide. 


Peter Roskam, Executive Director 
(708) 690-0010 


E 


P.O. Box 3021, Glen Ellyn, IL 60138 


Perse see eee See Pica te 


GEODESIC —~/ = 
DOMES 44 


s Dome Home Kits. , e 

e Finest materials, precul, baee lo pores 1100. 4600 Sq. 

e Send $15 for beautiful, 100 pp. color catalog, floor plans, 
accessories & prices. Moneyback Guarantee. 


GeoDomes WoopWoRk 
Loe76indanaAve. ay A-6, Box 4141, Arlington, CASSA d 714-354-2489 
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TRIMMER/MOWER! \ 


"light as a feather" on two BIG WHEELS! 


Revolutionary 


"2-in-1" 


Takes the place of both your hand-held 
trimmer and small-wheels rotary mower! 


*The DR? TRIMMER/MOWER rolls 


"Pound for pound, the best piece 
of equipment we ever boughi!" 
- Lloyd Cestare, Perkasie, PA 


or dull. 


*TRIMS far posed , better, FT pests; | 
more precisely than 
hand-held trimmers. Plus, A EC n 
MOWS everything from f around smaller | 
ER Nah A xc E gp crm igiene 
F / AM omes, etc... an 

grass and weeds with Am OU for finish-up 
pun i NE. mowing and 
* Rocks, roots, ho 0 CENE trimming after 
stumps, etc., do it MM. | riding mowers 

| no harm because Jj on larger parcels. 

| the "DR?" has no A delight for 
steel blade . anyone to use! 
to bend 


IDRO TRIMMER/MOWER including prices and s 
held trimmers or small-wheels l ifications for Electric-Starting, PRO and new COMPACT! 


mowers? Please call TOLL FREE | Models and "Off-Season" Savings now in effect. 


{ (800) S2- 3344 ee — — — — —— 


poe 
or mail coupon at right for FREE * — "- 


DETAILS of the Revolutionary ! To. COUNTRY HOME PRODUCTSS, Dept. 38306 
DR? TRIMMER/MOWER! 


Ferry Road, Box 89, Charlotte, VT 05445 


A Conservative Therapy, 

Comprehensively Applied 

The Back Machine™ combines the most effective ways 

to attain relief from back and neck pain into one easy to 

use, safe unit designed to help you return to a more nor- 

mal, pain free life. And it feels good, even if you hurt. 

How The Back Machine Works: 

* Massage — Soft rollers massage muscles, increasing 
circulation, reducing muscle spasm, tension and stress. 

e Stretching - Muscles are passively stretched, increasing 
flexibility and reducing pain. 

e Traction - Mild traction restores spine length and pliability, 
relieving disc pressure. 

* Mobilization - Restoration of movement occurs and 
promotes alignment of the spine. 


Five Years of Clinical Use 
Tested for over 5 years by doctors, physical therapists, and 
chiropractors, The Back Machine has proven safe, r777777-77--7——7-----7--7----* i 
effective, and comfortable. | [| YES! I want to relieve my back pain. | 
60-Day Home Trial no | Please send me a FREE brochure and Video. 
We're so confident you'll DE OvHs O BETA 
ence back pain relief (7 Name 
that we offer The Back am | Address 
Machine with an uncon- oo v NM City CEE 
ditional 60-day money —— ae WeState 1 Zip 
back guarantee. y Evening Phone (. ) 
Call or Write Today For FREE 
Back Technologies 

BROCHURE AND VIDEO 2525 West Casino Road E WA. 98204 
1-800-433-5599 1-800-433-5599 

© 1991 Back Technologies Inc. Dept 472 
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Air Support 


* Adjust Firmness — Site 
to Fit Your Exact Needs z 


Unique Air Support System. 

Select Comfort’s unique air support system lets 
you control the feel and firmness of your bed — 
simply by pushing a button. Your mattress can 
be firmer than the firmest innerspring or softer 
than the softest featherbed... helping you sleep 
more comfortably, reducing back pain and 
muscle aches, and providing true support. 
Change the firmness whenever you like to meet 
your exact preference. 


No Risk 90 Night Trial. 

We are so confident that you will find 

Select Comfort to be the most comfortable 
mattress money can buy that we offer our 
"Better Night's Sleep Guarantee." Take 90 
nights to sleep on a Select Comfort. If you aren't 
completely satisfied, return it for a full refund. 


“Select Comfort vides pro per back support and 
contours to your body, distrib uting Wed evenly. 


Innerspring mattresses create pressure points 
and uneven support. 


pe—1 4 


Waterbeds rely on displacement and can cause à 
"hammock effect," bending your spine unnaturally. 


EI 328i 


Back Pain Relief 


* Research shows 94% of back pain 
sufferers report Select Comfort 
gives them the back support 
they need to get a better 

i night's sleep. 


* Unique 
ig id air-cushion 
=~, design contours 
to your body, 

~ providing superior 

back support and comfort. 


Variable Firmness=Great Sleep. 
Your Select Comfort conforms to your body's 
natural shape so your back muscles don’t strain 
to hold your spine straight. Because air support 
is the closest thing to floating, you'll wake up 
rested and ready ds the day. 
Discover why 96% of Select Comfort 
users recommend it to family and friends. 
"I am a doctor and often come home exhausted. This 
mattress is the most comfortable I've tried." 

Dr. Connie Horn, M.D. 

Clarksville, Ohio. 


Call or Write fora 


FREE VIDEO and Brochure 
1-800-831-1211 


Please send me a FREE 
Information Packet & Video. 


9301 75th Ave. N. Minneapolis, MN 55428 
1-800-831-1211 


© Select Comfort 1992 
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PESTS ARE GONE! 


Bentley's, a pioneer in ultrasonic pest control since 1982, 
announces it's most powerful SUPER MACHINE that 


, REPELS 


MICE, RATS, 
SQUIRRELS, 
FLEAS 


and thousands report ants, spiders, roaches, 4^4 a 
crickets gone OR YOUR MONEY BACK! Bentley's SUPER 
PEST REPELLER blasts out ultrasonic sound that is 
unbearable to pests and they will do everything to avoid 
it but it is harmless to humans and pets. Use them 
everywhere: homes, restaurants, offices, farms, etc. 


Look at what satisfied customers have to say! 

“Have 12 cats, 1 dog and NO fleas.” Binghamton, NY 
“Haven't seen one ant or spider since | plugged it into 
the wall." Paramus, NJ 

"All my mice are gone.” Riverside, CA 


BEWARE OF CHEAP IMITATIONS! 
Bentley's SUPER PEST REPELLER is the best! 20 to 
100 times more powerful than competitive units. 
Registered by the Canadian Dept. of Agriculture to 
repel mice and rats. (PCP act Reg #21465). UL listed. 
EPA est. #. Dual transducers blast out ultrasonic 
sound at 148db and 32 to 62 KHZ (32,000 to 62,000 
cycles a second). Over 3 million repellers sold. 90 day 
money back guarantee. 36 month limited warranty. 


Attractive and compact. Walnut and beige finish. 
Only 2-1/2" high and 5" wide. Just plug it in. THAT'S 
ALL! Costs less than a penny a day to operate. 


WHY PAY MORE? $39.95 ($4.95 shipping). Save! 2 
repellers only $69.90 ($5.95 shipping). BUY 3 GET ONE 
FREE! Only $119.85 ($6.95 shipping)! CA residents add 
7-1/2% sales tax. All major credit cards holders CALL 
TOLL FREE: 1-800-348-6868. Info/foreign: 415-647- 
7904. Checks and M.0.s to: Bentley's for Better Living™, 
Dept. MF61, P.O. Box 31652, San Francisco, CA 94131 


OWN A MACHINE SHOP 


Do your own machining and shop work with a 
Smithy 3-in-1 Lathe * Mill * Drill 


al TE IT YOURSELF! 


Easy to use! | 
Save Money! | 
Save Time! | 


AS ow as $995 


For FREE Fact K 
Call: 
1-800-345-6342 


(Ask for operator PS ) 


or write: 
Smithy Dept. PS 
Lathe = Mill = Drill 
3023 E. 2nd Street 
The Dalles, OR 97058 


Celebrate July 4th & All Events 


CARBIDE CANNON 


BIG BANG! 


Sharpening for Profit 
Get Started now. FREE gM x 
Lifetime Security Kit 
tells how to make an ex- g 
tremely good income. sf 
Send coupon to: | 
Foley-Belsaw Company J 
Dept.21221, 6301 Equitable Ra. 


| 486DX2-66MHz Intel 
Full-Tower case 230w 
| 4mb RAM 


TEAC 5.25" & 35" FD 

2 ser, 1 E 1 game 

imb XV , oe Bit | 

16.7 million poi | 
14" SVGA monitor .28 
200mb IDE hard disk 


Mammoth Cannons shoot 
with terrific BANG! Have 
a bang-up time at special 
events. Uses powdered 
carbide ammo. Hundreds 
of shots for few cents. All metal construction with large, 
rugged cast-iron wheels. Machined brass mechanism for easy 
loading and firing. Authentic turn-of-century design. Hand- 


some decor when not in use. A in USA to ou a lifetime. 
` Available in 3 sizes: 9" cannon, $49.95 p 17” cannon, 
Kansas City, MO 64120-1395 $89. : 25” cannon (shown here) with rapid firing 


and automatic loading, $109.95 postpaid. The larger the can- 


= 238-4453 Name non the louder the ! Carbide ammo, about 100 shots, $5.00; 

RDER: 1 Sees Address arising = cnc one (215) 865-0717. oe 

: ; aster accept mail or phone ive 
[os NM. C, EA EHE card number & expiration. Money-back guarantee. | 


City — —— State ____ Zip The Conestoga Co., Inc., Dept PS, PO Box 405, Bethlehem, PA 18016 


Since 1926 
ee a 


Bason Computer Systems, Inc. 5 SEND FOR FREE CATALOG! c 
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e Septic Helper 


© prevents septic 


problems and saves you $$$$! 


Let Septic Helper prevent 
and stop all septic tank 
and cesspool problems. 


AV OID: costly expenses 
e pumpouts * wet spots 
re-doing drain fields * clogged drains * offensive odors 
100% on Just a small amount of 
EPTIC HELPER converts 
GUARANTEED aii wastes into liquid. 
SEPTIC HELPER goes 
| -right to work to digest solids, 
| then cleans the interior walls, and proceeds to the 
| drain fields. It opens the earth and allows it to 
percolate. Even though SEPTIC HELPER is a 


X powerful cleaner, it's HARMLESS to humans, 
| animals, plant life and all piping. 


Finally..Septic Maintenance 


Do away with pumping out 
your septic tank periodically 
and SAVE money at the same 


For More Information Call Toll Free 
1-800-544-4074 
OR Fill Out Coupon 


Keep your septic tank and 
cesspool in great shape. 
Use SEPTIC HELPER! 


Septic Tank/Cesspool ] 
Before 


| Drain Lines Before/After 


SEPTIC HELPER 
will restore the 
pipe to original 
after a few 
months of 
treatment. 


A drain pipe 
EE loses '^ of its 
| <& MA diameter ind 
di W years due to 
organic build-up. 


O 


l am interested in more information on 


SEPTIC HELPER 
Name 
Address 
| ————— i 
Zip Telephone .— ) = — 


Is? 
Mail in Coupon to: 
Krane Products. Inc. 
P.0. Box 521 * Larchmont, NY 10538 
PS693 


How many septic tanks/cess 


Pr 


pees ew ew ew ee ew ee = = = = = FILLIN COUPON AND MAIL TODAY 


601 Wood Stripper Many traditional! strip- 
pers contain dangerous or flammable chem- 
icals. Wood Finisher's Pride is nonpoi- 
sonous, nonflammable, and will remove 
several layers of coating in 30 minutes. To 
get the facts on this unique new product, call 
1-800-45PRIDE. Free brochure | 


602 Anderson Window & Patio Door Fact 
Book This catalog has ideas for creating 
distinctive light-filled environments using 
feature windows, patio doors, and roof win- 
dows. Free 


603 Stereo Equipment Cambridge Sound- 
works' catalog has specials on systems and 
components from Philips, Pioneer, Denon, 
and Cambridge Soundworks, including com- 
plete Dolby Surround systems starting at 
only $999. Free 


604 Hobbyist Catalog Edmund Scientific's 
112-page catalog contains more than 3,200 
products for the hobbyist, gadgeteer, and 
educator, featuring telescopes, fiber optics, 
magnifiers, high-tech science toys, plus 
many items for science-fair projects. Free 


605 Colorado Vacation Kit For 144 pages 
of colorful photos, colorful comments, and 
information on all the exciting things to see 
and do in Colorado, just call 1-800-COL- 
ORADO, extension 215. Free 


606 Weather Stations Davis Instruments 
manufactures the world's smallest, most af- 
fordable weather stations. Different models 
measure wind chill, speed, direction, and 
more. Free 


607 Mowers Color Brochures describe the 
full line of Snapper Walk Mowers, Riders, 
and Tractors. Featured are the new Snap- 
per Jet Vac Bagging Mowers, Revolution- 
ary Ninja Mulching Products, and the most 
complete lineup of Riders and Tractors. 
Free 


oduct Information. 


Booklets, catalogs, and folders listed below provide reliable informa- 
tion, illustrations, and specifications to help you in planning the pur- 
chase of a variety of products or services offered by these dependable 


ADVERTISEMENT 


608 Window Ideas A brochure from Marvin 
Windows illustrates with photos and render- 
ings how window sizes and styles can im- 
prove your home's appearance. Detailed 
energy and maintenance information is also 
included. Free 


609 Golf Helper A brochure from Minn Kota 
describes their new Electric Golf Caddy. It 
also explains how to use this powerful cad- 
dy to carry your clubs and to help you save 
your energy for the game. Free 


610 How-To Booklets Klean Strip, which 
sells more paint removers, solvents, and 
paint thinners than any other brand in the 
United States, offers five free do-it-yourself 
booklets on hazardous household waste 
disposal, paint stripping, protecting, refinish- 
ing, and more. Call 1-800-235-3546. Free 


611 Cable TV Descramblers Pacific Cable 
offers a catalog featuring a range of prod- 
ucts from Jerrold, Hamlin, and Oak at spe- 
cial dealer prices. Orders from stock are 
shipped immediately with guaranteed war- 
ranties. All major credit cards are accepted. 
Free 


612 Control Water Weeds The Water- 
Weeder TM Harvester works just like a 
hedge trimmer under water. It cuts a four- 
foot swath and can be operated from a boat, 
dock, or shoreline. It's perfect for waterfront 
property owners, fishermen, or boaters. 
Free brochure 


613 The Woodworkers' Store The 1992- 
'93 catalog with more than 150 new items 
features 100 full-color pages of domestic 
and exotic hardwoods, veneers, wood parts, 
specialty hardware, kitchen accessories, fin- 
ishing supplies, tools, books, and plans. 
Many exclusive items are hard-to-find spe- 
cialties. Orders are shipped in 24 to 48 
hours. More than 37 years in business, and 
satisfaction is guaranteed. $2.00 


POPULAR SCIENCE P.O. Box 1695, Riverton, N.J. 08077-7295 

Note: Poeurag Science New Jersey address is for Product Information only. 

Please send the items checked below. | am enclosing $1 handling charge (any num- 
ber of items per coupon) plus amount required for priced items. will not be 
processed unless accompanied by the $1 handling fee. Do not send cash. 


O 601 [] 605 
[LJ] 602 Lj] 606 
O 603 [] 607 
[] 604 LJ 608 
Name (please print) 

Address 


Please send check or money order made out to POPULAR SCIENCE. 
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.] 612 


O 613 $200 O 617 
[] 64 L] 618 
[] 615 [] 619 
[] 616 [] 620 
City & State 


companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling 
fee. For your safety, please do not send cash. 


614 Tips on Wood finishing Minwax offers 
a 30-page booklet with time-saving tips and 
how-to instruction. It includes details on beau- 
tifying and protecting new wood, plus restor- 
ation techniques for old wood. Free 


615 Tufoil Oil Additive Next time you 
change your oil, change it into a patented 
engine treatment. Enjoy fast starts, smooth 
operation, better acceleration, and longer 
engine life. Lubrication is our business. Call 
1-800-922-0075. Free brochure 


616 Workout Equipment Nordic Sport's 
Multi trainer is an exercise machine that 
combines aerobic conditioning and strength 
training in one for a well-balanced exercise 
program. For more information call 1-800- 
892-2183 extension 66TC3. Free 


617 Gutter Alternative A brochure from 
Rainhandler provides information on its 
patented alternative to gutters. It gently dis- 
perses the rain from the roof of your house. 
There are no downspouts, no clogging, no 
cleaning, and no trenching. Free 


618 Dome Homes Since 1969, Timberline 
Geodesics has been providing affordable 
easy-to-assemble dome homes. Mail in the 
coupon or call 1-800-DOME-HOME for a 
brochure, "The Why, Which, What and How 
of Geodesic Domes From Timberline Geo- 
desics." Free 


619 Glock, Inc. Find out why the remark- 
able Glock pistols are setting new standards 
for handgun simplicity, reliability, cost effec- 
tiveness, and safety. Send for the Glock cat- 
alog and receive "The Basic Hules of 
Firearm Safety" booklet. Free 


620 Acuvue Disposable Contact Lenses 
The first lens you never have to clean may 
just be the most comfortable lens you've ev- 
er worn. For a trial pair certificate call 1-800- 
652-5353 extension 25. Free 
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I AM ENCLOSING 


$  ——— for priced items 

$ 100 for handling 

$ ——— TOTAL REMITTANCE 
Zip 


THIS COUPON EXPIRES AUGUST 31,1993 
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CABLE TV DESCRAMBLERS 


WE GUARANTEE YOUR COMPLETE SATISFACTION WITH A 
30-Dav No-Risk TRIAL PERIOD. 


x ONE YEAR WARRANTY ON ALL 
PRODUCTS IN WRITING! 


x BUY 2 SAVE 10% ON SECOND UNIT. 


x EASY TO INSTALL INSTRUCTION BOOK 
WITH EVERY ORDER. 


x FRIENDLY, COURTEOUS SERVICE. 


ELECTRONICS — 9 W. Dotoe Ra. #334, Omaha, NE 68114 


FOR A FREE CATALOG OR QUESTIONS CALL: 


1-800-729-1776 i 


CABLE TV DESCRAMBLERS 


*"MIDEO STABILIZERS AVAILABLE"** 


Multi-Vision Electronics 2730 So. 123rd Ct. Ste #126 Omaha. NE 68144 


1-800-835-2330 xiii [. 
1-800- 327-8544 EREE CATALOG = 


By puschmi rw cable equipment form Multi Via oon Electranicas agrees jo comply with atus & ieceral laws —— private me nerd of | 
dis T eplpsti iyu tm (nsi af n inse eck ih wr lob in Tech. Line (402) 331-3228 


Save Gas Have 


BUILD A BIKECAR $7 
The Amazing Mini Car You Can 7 
Build with Bicycle Parts! SY if 
Electric Motor — am. | 
and Pedal 
Powered! 
Fun to Drive! 
Fasy to Build! 


Fully Hiustrated & Detailed 


PLANS $12.95 ALIE FL 34478 


Satisfarlign Guaranteed er Tour Money Baci 


Argo 8x8 and 6x6 are 
the most popular light 
amphibious off-road vehicles in the world. 
Sold and serviced nationwide. 


For information or the dealer nearest you, 
call toll free 1-800-561-9508. 


CABLE TV “BOXES” 
WHOLESALE PRICES! 
CONVERTERS e DESCRAMBLERS 

REMOTE CONTROLS e 
ACCESSORIES 
FROM $9.95!! 
CALL NOW!! 


—GUARANTEED BEST PRICES— 


AQQ the tribi ke 


x^ j; 
Nes s 


i mg 


*EAsY TO BULO (í © s 


* GREAT EXERCISE — \\ ae ) 
—BEST WARRANTIES— 4 
—IMMEDIATE SHIPPING— 
—GUARANTEED STOCK— 
—COD'S— 


** PARTS AVAILABLE * * 


LAKE SYLVAN 


MOTORIZE YOUR SCOOTER... 


S A L ES | N C Send ie With Less than $100" in Parts 
T€ 7 dm for available at a Mower Repair Shop 
SORRY NO MINNESOTA SALES Simple, and a Hardware Store! 
: Detailed * Parts Kil Available * Easy to Build 
CALL FOR-A CATALOG NOW!! Plans s Approx Cap. 200 Ibs. 


"Or less id you have a gas 
string trimmer matar! 


800-800-4582 


URS J.M. IDEAS, P.0.Bor 16159, 


| JERROLD, SCIENTIFIC ATLANTA, ZENITH, TOCOM, PIONEER, HAMLIN, ETC. 


+ SEND $12.95 FOR A COMPLETE SET OF DETAILED PLANS | 


D i [ 2887 N. Green Valley Pkwy. | 
eec dC. Sie. 421 * Henderson, NV 89014 


: Dept. P, Columbus, OH 43216 


| [ F Get your simple, detailed, & complete plans 


Opportunity Mart 


Descramblers 


e Money Back Guarantee  JerroldePioneereStarcom 

* Quantity Discounts Tocom*OakeHamlin 

. All Makes & Models Tanith» boghe Sciantihie Atlanta 
* Customer Satisfaction 


Cable TV 
DESCRAMBLERS 


Build the World's Most Energy Efficient 

And Environmentally Safe Home 
Up to 70% energy savings. R-28 Dome Build- 
| ing Kits from $7,060. Perfect for the owner- 
Tho Mos ‘Complete 1 Line of builder. Build in any climate. Fireproof, low 
maintenance, concrete exterior. Ultimate 


bande! ba! Professional OR resistance to termites, deterioration, hurri- 
DER canes, earthquakes, & tornadoes. Choice of 


FREE CATALOG NOW | plans. 471 to 3,171 sq. ft. 
Free brochure or send $8 for a Planning Kit 


American Ingenuity 
3500-P Harlock Rd, Melbourne, FL 32934 
407-254-4220 


p Irun 
LOCK AROUND ANY CABLE TO NEARLY 1/2" DIAM 
AND LOOK GREAT! YOU WILL KNOW WHAT WIRE 
GOES WHERE. FOR AUDIO/VIDEO. COMPUTERS, 
EIC. NO ADHESIVES! BRIGHT TR-VISIBLE LEXANG T 
ENCLOSURES. (4 INCLUDED, 1° LONG) USE ASST 
PICTUREINUMBER LABELS ÔA YOUR OWN WRITING 
SEND (CONT U.SOND) $990+ $3 SAH. $1290 
OTAL CHKM O. TO ALAN LLOYD DESIGN e B00 IVY 
sets e ST LOUIS MO 63021 © (314) 861-144 

80 (FAX) tA PRODUC cio e Pi PEND 


. "mmm 2 HOURS EACH 
m Convert your existing phone for less than $30 See what's happening in the 


m Use simple tools - very easy to build world of sport rocketry. 

m Parts available from your local area fie. ae) NARAM 34 $29 5 
E No soldering required te : EU 7 day National Competition in 
= Convert any remote hand-held phone | ME VOGES AURA CATIN EPI 


E Unique headset system operates completely ROCKET MEN 4 $29." 
- Year's Best Flights of 1991 


hands-free 
m Great for home or business ROCKET MEN 5 $29.7” 
Year's Bast Flights of 1992 


; $3.50 Postage for any order 


Kyle shurge 
Productions 


today !! Üni 


s AEN 6201 Sunset Boulevard $158 
Send $15 for plans to: Í S 1 | Hollywood, California 90028 
i C n LN | = Te L o , 
P.O. Box 331, Kirkwood, N.Y, 13795 nd 310-247-5962 


805-650-3345 
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STARTING AT PROTECTION FOR Fon; I 


Cars, Trucks, RV's, 
"i S$ 199 Boats, Docks, Hot ll 
: Tubs, Motorcycles, 
Paintbooths, Pools, Workshops, i 
Gov't and Industrial Contracts, 
Sandblasting, Camp or Temporary i 
Shelter, Walkways, and More! 
HEAVY DUTY Steel Frame. Durable 
Dupont® Cover with Zipper Door. 
E Sizes Available from 5' to 60° Wide, | 
E 30' High, Any Length. Withstands 
High Winds, Sun, Sap & Heavy f 
EE Snow. Assembles and Anchors 
1 Easily. No Property taxes or per- 
mit required. Covers last up to 20 - 
Years. We Ship to Your Door! 
DEALERS & EXPORTERS WELCOME! 
CALL FOR INFORMATION! 


COVER(W = 


INSTANT GARAGES 
ALL WEATHER SHELTERS 


Call Toll Free 1 800-932-9344 
203-732-1900 
FAX: E 735-0556 


B e ER 


Ext. , 
221| 


| WATER BALLOON LAUNCHER 
120 YARDS!f ONLY $12 


+ FANTASTIC OUTDOOR FUN FOR ALL AGES 
1 TO ORDER: Call Toll Free 


| 1-800-441-1047 
VISA/MC = or sand check to: BLASTER 
13218 Jessica Or., Spring Hill, FL 34809 
J — Ewery Order Shipped Next Day! 
MedemUSA E300PÀH MONEY BACK GUARANTEE 


High Strength ROPE, 2500 Ib. test, made from DuPont KEVLAR | 

Its 1/7" Wide,& so Thin,30 ft fits in your POCKET. pide 

You Go. This High-Tech Fiber is used in Motorcycle Helmets, 

Body Armor, etc. Great for Science Projects, Hobbyist. CHECKIT IT OUT! 
KEVLAR " is a registered trademark of DuPont de Nemours 

Break Time Lid. ai 0 N- 


De DH HELCH T 3 PCT For Leng i ab tan 
(Pa 18106 Pus "3.00 5 & 


SAVE! SAVE! 


CABLE TV 
DESCRAMBLERS 


JERROLD * OAK - HAMLIN - ZENITH 
PIONEER - SCIENTIFIC ATLANTA 


READY-TO -SHIP! 


6 MONTH WARRANTY! ABSOLUTELY 
| LOWEST WHOLESALE / RETAIL PRICES! 


MASTER CARD - VISA - AMEX - C.O.D. 
FREE COLOR CATALOG ! 


1 (800) 950-9145 


Money Back G 
Ls ig 


Please have MODE 


Ee a. 506- 1648 


FINALLY... 


$16.” 
+$3.°S/H 


GARAGE DOOR REMOTE KIT! 
: Complete instuctions to hide unsightly opener 
» Easy to install and remove 
- Adapts to any existing opener 
send ck/mo. to: Progressive Enterprises 
11860 Magnolia Avenue = Suite R2 * Riverside, CA 92503. 


P 


- ma | 


“911 LOCATOR" 


: 
- 


P.O. Box 46167-Dept C, Cincinnati, OH 45246-0167 
Also functions as a standard on/off switch 
$46¢¢664666666666666646666666 


+ Cuts emergency response time up to 50% + 

1470 OLD COUNTRY ROAD, SUITE 315-PS * IFICAT * 
PE ; Jaen : 
. @ Transforms porch-light to a flashing 911 beacon œ 

+ "SECONDS SAVE LIVES" * 

+ To order send $19.95 + $3.00 S & H to: + 

+ LIFELINE Lighting Co. + 

+ + 

+ + 

+ + 

+ + 


N STANTLY l 

Add tens of years of AAA credit in your credit file 

"OVERNIGHT". 1009s Legal murum apti 
Gold (PS) 

13950 Ventura Blud. Suite 272 

Oaks, CA 91423. d 


VIRTUAL REALITY 


Unbelievable. Exciting New Technology. See 
VR in your own home. Sample order only $9, | 
includes FREE How-To-Booklet and FREE | 
3-D Viewer. Catalog only $2. Send CK/MO 
to 3-D MAGIC, P.O. Box 1377, Alex City, 
AL 35010 (205) 329-3767. Money Back 
Guarantee. 


EL 


AMAZE YOUR FRIENDS!! 


Shoot balls HUNDREDS OF FEET IN THE AIR! Great 
at parties, picnics, for fun, or just for the onmi 


" 
"eTEB | =v 
x 
= A 
" 
2: 
: 


Three sizes available: 
BUILD IT SOFT BALL 
YOURSELF TENNIS BALL 
4i oe RACKET BALL 

i SEND TO: 

MASTER PLANNERS 
PO BOX 1563 
EASLEY, SC 29641 


EASY P. V.C. 
^ CONSTRUCTION — 


SAVE Up To 40% 
= 


Build It Yourself 
25x40 35x60 


E 60x140 50x180 | 
——! idi 888- 4606 


PLANS $3.00 EA. (Must 


TWO FOR $5.00 


E 18) 
SPECIFY SIZES 


YRS. 
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eSafe! eEasy & low-cost to 
build @Up to 50 MPG! | 
@Enclosed, all-weather cab 


For Shopping! FS 
For Commuting! 
For Fun! ae a) 
COMPLETE DETAILED PLANS O S 
Only $72. g5 MASTEDWODKS 
PO Box 511-A 


dE Eli) Fallston, MD 21047 


| BUY THIS BOOK— 
BUILD TWO 
PROGRAMMABLE 
ROBOTS! 


Step-by-step instructions & yellow pages for parts! 


Based on an educationa arch al MIT 


A K Peters, 289 Linden Streel, Wellesley, MA 02181 
Sand $29 95 + 2.50 pstg 


| program and re 


check, mc, visa) 617-235-2710 


BEEMAN ADULT AIRGUNS! World's most ac- 
curate and most powerful, regular, production 
airguns. Calibers: .177", .20", .22", .25"! Largest 
U.S. sales. Unequalled trigger action, durability, 
ownership pride, quality. Also: pointed, hollow 
point, extra heavy, hi-velocity, and match pellets. 
Request FREE Catalog C12. Add $3.00 for fast 
mail. Beeman Precision Arms, 3440-C12 Airway 
Or., Santa Rosa, CA 95403. (707)578-7900 (24 
hours). 


| ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER 


max AIV 


6 wheel drive 
Amphibious 
Zand4 

|| passenger 3 
models 


) 1] 
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Call Toll-Free 1-800-255-2511 


(From anywhere in the U.S. or Canada) 


Recreatives Industries, Inc. 
60 Depot Street, Buffalo, NY 14206 


ALTERNATE ENERGY 


FREE HYDROGEN FUEL and OXYGEN from 
water. Generator uses solar cells. Plans and Kit 
$15.00. Prairie Power, 194-3803 Calgary Trail, 
Suite 1331, Edmonton, Alberta, Canada T6J 
5MB. 


250 ELEGANT ECOLOGICAL TECHNOLO- 
GIES! AMAZING CATALOG! Send $2.00. 
REXCO, Box 19250, Jean NV 89019 


GIANT SOLAR PANELS $44.00! Catalog 
$3.00. QUAD ENERGY, P.O.Box 690073, 
Houston, TX 77269. (713) 893-0313. 


SOLAR SWIMMING POOL HEATERS. Call for 
free pool heating guidebook. 1-800-227-7657. 


bids sai ctetu. iie utili canos 2 a 
WIND/SOLAR ELECTRIC SYSTEMS. Electric 
Tractors. COMPOSTING TOILETS. Propane 
Refrigerators. Solar Cookers. Grain Mills. 
Efficient Lights. Catalog $4. KANSAS 
WINDPOWER, R 1P, Holton, KS 66436. 
913-364-4407. 


WATER POWERED WATCH! incredible Quartz 
accuracy. No batteries ever. Charge lasts weeks. 
Two year warranty. $19.95 to: Imperial Enter- 
prises, Suite 65, Peterboro, ON; K9J 2L1. 


NEW! BUILD AMAZING LIQUID PISTON EN- 
GINE from pipe fittings. Easy Plans. Free infor- 
mation. ABCO, Box 306-56, Seminary, MS 
39479. 


WILD CATALOG!—TECHNOLOGY SUP- 
PRESSED BY GOVERNMENT/CORPO- 
RATIONS. Send $2. CHRIS, 7730 BLONDO, 


OMAHA, NE 68134-6608. 


= ——= so ——— 


AWESOME SCIENTIFIC DISCOVERIES sur 
pressed by government/industry. $2 catalog 
Borderlands, Box 429, Garberville, Californi 
95542. 


ASTRONAUTICS 


30 ANTIGRAVITY METHODS! Amazing Cata 
log: Send $2.00. Rexco, Box 19250, Jean, N 
89019. 


ROCKET MOTOR MAKING TOOLS, supplie: 
catalog $3.00. Impulse Reactions, P.O. Bo 
61342, Seattle, WA 98121. 


HOVERBOARD TECHNOLOGY IS HERE 
Works on ion-magnetic principles. Plans $20 
HOVERTEC, Box, 15413, West Palm Beach, 
33416. 


Mindbending demonstrations with simple 
cheap devices. Easy built with parts available 
anywhere! Refundable $1 rushes information 
Hall Research, PO Box 69, Gravete, AR 72736. 


AUDIO & VIDEO EQUIPMENT 


SPEAKER FOAM KITS $22.95/pr. All sizes 
refoaming, VISA/MC SIMPLY SPEAKERS 
1-800-767-4041. 


FREE STEREO CABINET PLANS INFORMA 
TION. WRITE: UNICADD, P.O. BOX 
77240-0242, HOUSTON, TX 77040. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding Book 
Price: HV Technologies, 7505 Barkentine, 
Vegas, NV. 89128. 


AUTOMOBILES 


GOVERNMENT SEIZED Vehicles from $100 
Fords. Mercedes. Corvettes. Chevys. Surplus 
Buyers Guide. (1) 805 962-8000 Ext. S-20025. 


Hot Rod, Buggy, or Stock. We stock OVER 
8000 parts in our GIANT 400 page illus- 
trated catalog: Rushed - $5.00 

CLARK'S CORVAIR PARTS, INC. 
Rt. 2, Box PS, Shelburne, M" 01370 


| CARCOST DOS Program. Cost of Ownership 


Analysis. Pay Cash? Lease? Finance? $29.95. 
1-800-554-2078. 


CAH WASH 
* No water needed « Removes all kinds of dirt 
* Does not scratch * Waxes « Protects w silicon 
* Total exterior car care » Excellent for car shows 
= 300mis of Maxi Dri Kleen * Directions included 
Order Now $16.00 ppd + MC + Visa + Ck + MO 
Yoder Co./29495 C.A. 50/Nappanee, IN 46550 
1-800-745-7294 independent Distributor 


WAIEHLESS 


DRUG SEIZED Mercedes, Fords, Porsches. 
Vans, Trucks, houses: Seizures, Box 51488-YA. 
Ontario, CA 91 761. 


World's largest collector car 
marke 
Over 800 pages each month 
filled with thousands of ads 
for old cars, parts, services, 
puppis, n literature & more. 


Intoductory Offer: 
NINE abi itia az | 
T 5 A" "wn sus | 
$43.50 in Canada. GST included. 


Vermani ressdenes add 3" sales rax. 
Send to: 


Hemmings 
Motor Nes 


P.O. Box 100-509479, Bennington, Vermont 05201 


RECORD VIDEOTAPES—At Home. $5,000 
Monthly Possible. No pornography. Free Details. 
Write: CMS Video Company, 210 Lorna Square - 
$1635, Birmingham, AL 35216. 


: NEW! DRUG FREE Headache Remedy Re- 
AUTOMOBILES lieves Worst Headaches in Seconds. Guaran- 
teed! Send $6.95 + $3.00 S&H to: DPM Indus- 
tries, 11550 Southfork Avenue, Suite 408, Baton 
Rouge, LA 70816. 


BOATS, MOTORS & EQUIP. 
BOAT PLANS — PATTERNS — KITS — 


REPAIR CRACKED WINDSHIELDS 


Unsurpassed selection. 168-page DESIGN Earn $90, 000 Yearly Repairing 
BOOK — $4.00. GLEN-L, 9152 Rosecrans, Box not replacing - 
1804/P S3, Bellflower, CA 90706. 310/630 6258. | Large Craske | in Windshields 
Sophisticated Sun Protection FEM END MU A A ERE m CALL 1-800-826-8523 
for your car's interior SUPPLIES — 250 DESIGNS — 6'/70' — or write The Glass Mechanix Inc. 
Powerboats — Sailboats — Hydroplanes — 5313 Nob Hill Rd. * Ft. Lauderdale, FL 33351 | 
a Self Storing Tunnelhulls — Canoes — Kayaks — Dinghies — E 
CATALOG — $2.50. BOOK "Amateur Boat- | ———————————————— 
RECYCLE METALS, NO, NOT BEER CANS! : 
lane, Tonawanda, N'Y 14150. Easy $458 weekly! Free information, Hornsby's, 


1" Cools & Protects 


a Easy 4-screw Installation BOOKS & PUBLICATIONS 


- - GOLDMINING! PROspector reveals list of ac- 
= Sized To Fit tive mines, secret hot spots, and techniques. 
Hobby prospectors pocket MILLIONS! For im- 


IM mediate shipping send $5.00 to: LEE, Box 107, 
e | Daleville, IN 47334. 


is $ -EN TRAVEL Free! No-Cost Travel Opportunities! 
1-800-942-6029 Booklet $8.50. Albright, P-.D.Box 249, Wiloomar, 


Two constant torque stainless steel springs provide tension on the cords to support, retract and store The Shade CA 92595. 


Box 681804, Franklin, TN 37068-1804. 


MAKE $15,000 monthly! The Perfect Business. 
No investment. Easy. Free Booklet. MPC, Box 
57, Lenore, ID 83541. 


MILLIONAIRE MAILORDER EXPERT reveals 
moneymaking secrets! Free hour cassette. 
| Melvin Powers, North Hollywood, CA 91609. 


GLASS REPAIR: High demand, low competi- 
| tion, easy to learn, low investment, high divi- 
| ( BILLS? Special federal law allows you to pay only | dends. Information call toll-free LIQUID RESINS 


| ' the ones you want. Send $3.00 to: Law Firm, Box 1-800-458-2098. 
802153, Santa Clarita, CA 91380-2153. $392.00 from sq. ft. pl ; (HUGE DEMAND) DEMAND) 


paented € One-handed Operation building” — $6.00. CLARKCRAFT, 16-7 Aqua- 
| 


XTIONWIDE SURPLUS DIRECTORY. By state | BOOMERANGS! HI-TECH DESIGNS, Amaz- 


0,000+ Sports/Family Cars, Boats 15'—48', | ing Science Project Fun. . . Returns! FREE Cat- | BURGLAR—FIRE ALARMS Revealing proof $1.00 (Refundable) Woodwins- 
ucks, Electronics 1- 8 4996. 3 BÖG- PS, POB 859, Bridgewater, MA 02324-0859. 

u Electronics 1-(800)-365-4996 alog. oomerangMan, 1806-2 N. 3rd., Monroe, CAN'T AFFORD A BURGLAR ALARM? Send e —— el 
DUR CAR MOTOR CAN RUN BETTER, | ^ ^99 1-599. 00 for Burglar Alarm Signage Kit. 2 Yard Signs, 10 
shoe USING MY SIMPLE "DO IT YOUR- | Window Stickers $24.95 plus 3.00 Shipping. 

‘INSTRUCTIONS. SEND $3.00 AND | 

‘SE TO: METHODS, P.O. BOX #1, JAMES- | 
MAN, ND 58402. 


$2,000 DAILY From your Telephone Answering 
Machine! I've made over $1,000,000 using mine! 
(303) 674-2219. Recorded Details. 


#1 MONEY MAKER Spare Time! No selling! No 
inventory! Publicly documented seven week 
$19,919 income! Free audio cassette and Report 
reveal everything. Real Money, 911-PS Bryant 
Place, Ojai, CA 93023. 


HAWK G 
FAA Certified 
I, 2, & 5 Passenger 


As seen in Feb 93 
Popular Science 


uon HELICOPTER! -== 
te-ofý ftom yout lose a sss skies! fa 


mple, low-cost 
sembly 

b license needed 
weral helicopter 
ts & plans avail. 


| NC 27030. 


COMPLETE SECURITY SYSTEMS CATA- 
LOG. Everything needed. $5.00. ELECTRONIC 
|! SECURITY SYSTEMS, 5275 Forest Glen, 
Salem, OR 97306. 


BUSINESS OPPORTUNITIES 


PIANO TUNING PAYS: Learn with approved 
home study course, Diploma granted. American 
Tuning School, 17050 Telfer Dr., Morgan Hill, CA 
95037. 


l Alarm Connection, 800 Albion Ch. Ad., MT. Airy, 


AVIATION 


MAKE homemade "how-to/opportunity" book- 
lets. Mine have earned $436,097. Money never 
stops. Free information. Booklets, 507M Oak 
Drive, Friendswood, TX 77546. 


| 160 nibh Top Spe ed - 15m ph Min. speed 
Retrac table Landing Gear - Easy to Fly! 
Complete Info Pack $15, VISA & MC accepted 


GROEN BROTHERS AVIATION, INC. 
DEPT. PS6, 1784 W. 500 SOUTH, S-LC., U T ea 1A LET THE GOVERNMENT FINANCE your small 


elicopter Plans .. ...... $14.95 || Credit Card Orders: (801) 973-0177 business. Grants/loans to $500,000. Free re- 
bli. Experimenter Book . . . $11.95 | corded message: 707-448-0270. (JG6) 


Ii New Catalog /Kit Info. ... $10.00 Pd : —— Sas se a ee eee 
IPECIAL! All 3 items: Only $19.95 |^ 1 )ETAI POPE ABIT VOU Pareto. SIURRIOMUEG 
Add $2 postage, Foreign add $5 U.S. i a TELLS HOW. SEND $5.00 TO: SWAVIATION, Easy Money! Free Details! Homework-PS, Box 


Great money in VCR repair! 


TELLS HOW. SEND $5.00 TO: SWAVIATION, 520. Danville, NH 03819 


P.O. Box 50-A 
HELIGGAFT Riderwood, MD 21139 


Credit card order line: 1-410-583-6366 eee cee, | HYDRAULIC JACK REPAIR MANUAL AND 


BOX 258, BILLE RICA, MA 01821. 


POWERED PARACHUTE BOOK— 
INFORMATIVE, ENTERTAINING. $16.70. | CATALOG $10.00. HYDRAULIC PARTS 


OMEBUILT HELICOPTERS. 7 models, kits/ | WALTZ PUBLISHING, BOX 6088-X, FALL Riv. | SUPPLY, BOX 4157, BROWNSVILLE, TX 

ans. Information, $5.00. BW Rotor, Towanda, | ER. MA 02724. 78523-4157. 

S 67144. E dz 7 Tom 

oj), ))E———— Y TUENDUM onana. | $225 DAILY "CHROME PLATING” AUTO 

OMEBUILT DIRECTORY lists over 90 sup. | | he AVIATION & SPACE AGENDA" Compre- | PARTS, MOTORCYCLES, INEXPENSIVE, 
P- | hensive schedule of major airshows, military EASY. (FREE) inf tion: Ch Box 2285 

iers of kitbuilt aircraft $6.00. AIR DATA, Box | open houses, shuttle launches, 4 times/Yr. vehit MD d Ion: Gnome, BOX ' 


RECYCLE! (AMAZING PROFITS MADE) Re- 
conditioning Automobile Batteries! (Free) Infor- 
mation! Battery Outlet, Box 3300PS, Hickory, 
N.C. 28603-3300. 


900.00 WEEKLY Mailorder SECRET Plus Suc- 
cess Package. Free Information. PSI, 17610 
Drummond Drive, Tinley Park, IL 60477-7346. 


STAY HOME, MAKE MONEY. $100s daily pos- 
sible. Quick, easy. Recorded message reveals 
details: (612)649-4800 (J31). 


1, Marion, CT 06444. $8.00. ASA, PO Box 2381, Dept, C, Clarksville, | 577.77 7777 LL 
, CRACK REPAIR 
z OVER A FOOT LONG 

| Hiro HUGE DEMAND! 


IN 47131. 


- — FLY LIKE A BIRD! 
€, 500 years after DoVinci, the human- 

A emithopter i a split! The world's lightest | 

 aurcrahi is also the least 


MICRO III stucoerig LAE 
Designed by NASA E — 
Complete unit, parts available 


JUST LOOK AROUND YOU 


Fully assembled under $800 


MOST INNOVATIVE DESIGN Se eee 
than $1000. M.C. accepted, Eliminate tail rotor. clutch, ; 
Add 7% GST. reduchion gears & assoc NEW 2000% PROFITS—in moldmaking/ 


linkages. 
Rotor blades Turned by frs 
n! two opposed propeller al 
IÒ hp gas angie 
wily ilbumtrated & Detailed — 8 


PLANS ne +E? pene Speed: S] MPH. 
Box 1675. . Stafford TX 77497 


Casting. Free information: Caster, Box 
16586(P6), Memphis, TN 38186-0586. 


info Pack $10. Plans $25. 
flightspeed Aer ro emu Lid. 
Conde JA ^o 


11151 LS Street, Riverside, CA 92505 


T-SHIRT PRINTING MACHINES. We manufac- 
ture professional single and multi-color screen 
printing equipment. Inexpensive, Brochures, 
| | HINE Prices, Information Pack $1.00 (refundable). 
BEER: S OWINEMARING 8| Catco, 12201 NW 35 St, #102-PS, Coral 
WINEMAKERS-BEERMAKERS Free Illus- Springs, FL 33065. 
trated Catalog - Fast Service - Large Selection- | ——— ———— .—.——————————— 
Visa/Mastercard - (816) 254-0242 KRAUS, Box | $40,000 ON 1/3 ACRE! New hydroponics - inex- 
7850-N, Independence, MO 64054. pensive, pleasant, practical! Free information. 
| ERIT, Box 681804, Franklin, TN 37068-1804. 


BE YOUR OWN BOSS 


Repair Cracked Windshields, It's Easy, We'll 
teach you how to start and run your own busi- 
| ness, Keep all the money you earn. Patented 


Equipment. FREE valuable report. 
CALL 1-800-321-2597 
GLAS-WELD SYSTEMS, INC. 


à | FREE BEERMAKING BOOK Catalog. Fines! Box 5755-C + Bend, OR 97708 
ty Bai in Gre Werk - Comes Coni o Questions or ingredients, fast service. Make rich beer without VI ES IEE Tal | | 
semen Toe Spent Be nutum Customer Service additives or preservatives. (800) 852-9545. SPI. EA ARN $60. 000 YEARLY m UN DAU RR eee 
n "einge Catalog. : 816) 792-1011 =. C ABS Acc GET RICH SLOWLY: SEND $5 SASE: 
! hour Action Video...........530 Md FOR BEGINNERS SPECIAL or Free Summer 


0 Pack & Video Combo $40. |»: 
iL (European Feman Virheo.......... $45. Revolution scs cor 
wy 


0600 PSS E210 
o Pack & PAL Video idus $55. Uber, MO 64068 


AMERICAN SECRETS, PO BOX 8316, FRE- 
MONT, CA 94537-8316. 


Catalog. Call U-BREW, 1-800-845-4441. Myrtle | j| Repairing (not replacing) stone damaged wind- 
Beach, SC 29582. shields and plate glass. Learn how a 3 minute | 


repair can earn you $1200/week! 


CALL NOW! ,, 1-800-695-6224 | 


NVS/OPTIKLEER, LYNN, MASS. 01904 
= = 


WE'LL PAY YOU TO TYPE NAMES AND AD- 
DRESSES FROM HOME. $500.00 PER 1000. 
Call 1-900-896-1666 ($1.49 min/18 yrs. +) or 
Write: PASSE - XPS693, 161 S. Lincolnway, N. 
Aurora, IL 60542. 
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BE TTER HEALTH 


IRBOATS - Hovercraft - Airdrives. Propellers, | WATERWISE PURIFIERS... homemade dis- 
wines, Plans. Catalog $5.00. Arrowprop, Box | tilled. (800) 874-9028. Box 45982, Center Hill, FL 
IOF, Meeker, OK 74855. 33514-0459. 


$ 5000 PLUS MONTHLY 
FROM GOV'S BEST KEPT SECRET, THE 
DISABILITY CONSULTANT 


ADVANCED PAY, FREE TRAVEL & MORE 
FREE BOOKLET—CALL 


303-766-1111 
BOX 460058 * AURORA, CO 80046 


BECOME A HOME INSPECTOR. START 
YOUR OWN BUSINESS. APPROVED HOME 
STUDY. FREE CAREER LITERATURE. 
P.C.D.I., ATLANTA, GA 806-362-7070 DEPT. 
PG109. 


$1,000's WEEKLY MAILING LETTERS. 
GUARANTEED! Free postage/supplies. Free 
details. GENISIS, BOX 215-PS, BROOKLYN, 
NY 11204. 


FREE MONEY-MAKING MIRACLES exposed! 
BizOp Seekers Safety Network: 1-800-927-9362 
(anytime-message). 


$1804 MONTHLY! Buy/sell cars (spare-time). 
Revealing proof! Write: CODEX, 507 Oak Drive, 
Friendswood, TX 77546. 


BECOME A VIDEO PRODUCER! Unique op- 
portunity, no hype! $9.95 gets introductory video. 
AVPS, 1137 Erin, Kent, OH 44240-2058. 


NEED MONEY? Free Grants. Signature Loans, 
Free Foundation Money. Sources: Box 5529-Y X, 
Diamond Bar, CA 91765. 


REAL ESTATE APPRAISER CAREERS. 
HOME STUDY. P.C.D.I., ATLANTA, GEORGIA. 
FREE LITERATURE. 800-362-7070. DEPT. 
RG109. 


$300.00 PER DAY just mailing letters! Details 
50c (coin) Moneymakers/S, Box 32368, Palm 
Beach Gardens, FL 33420. 


NEW! GROW EXPENSIVE PLANTS. SELL 
FOR 2,0009; PROFIT. Free information. 
GROWBIZ, Box 306-56. Seminary, MS 39479. 


IMPORT-EXPORT opportunity, profitable world- 
wide, mail order business from home, without 
capital. We ship plan for no risk examination. 
Experience unnecessary. Free Report. 
Mellinger, Dept. H2696, Woodland Hills, CA 
91367. 


$2000 MONTHLY MAILING LETTERS. Free 
supplies, postage! Checks, Box 700803-PS1, 
San Antonio, TX 78270. 


TAKE PICTURES for profit. Worldwide Oppor- 
tunity. Camera Ventures, Box 771, Lamara, CO 
81052. 


BICYCLE REPAIR FOR PROFIT. Low start-up. 
Directions: $5.00. SASE, Dans, 203 West Main 
Street, Amsterdam, NY 12010. 


$8,000 possible for 8 days of work! Legiti- 
mate business opportunity. $15 for infor- 
mation. A&M, PO Box 1531, Spanaway, WA 
98387. 


Be The Boss!! Unlimited income. Little or no 
investment. Over 250 home businesses. Free 
report! SASE. Larimar Corporation, 3280-C Dept 
PS, So. Atlantic Ave., Daytona Beach, FL 32118. 


ABANDONED ALUMINUM SCRAP! Collect— 
SELL FOR $3.00/POUND!!! Free Information: 
Ameriscrap-PS693, Alexandria Bay, New York 
13607-0127. 


JOIN HOME-WORKER'S ASSOCIATION— 
Get FREE lists "legitimate" companies offering 
home-employment! Write: Association-P 5693, 
Alexandria Bay, New York 13607-0250. 


SKIN PROTEK. SHIELDS SKIN INVISIBLY 
FROM GREASE, ACIDS, ODORS, ETC. HIGH 
PROFITS. FREE INFORMATION: Dirizzianofs, 
Box 668, Indian Rocks, FL 34635. 


SILVER REFINING made simple. Free informa- 
tion. VXA 201, Box 123, McNeal, Az. 85617. 


EARN EXTRA MONEY Learn glass carving. 
Fun, exciting, easy. 3400+ weekly. Send $1.00. 
ETCH-N-GLASS, 117 Beacons Bend Rd., 
Crestview, FL 32536. 


BUY IT WHOLESALE. 


CLOSEOUTS! Wholesale! Overruns! Freebies! 
Information (stamp): DDN. Box 20152-G, 
Ferndale, MI 48220. 
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WORLDS FINEST WATCHES. Top Quality Rep- 
licas. Below Wholesale Prices. Free Brochure. 
i -800- 353-4334. 


FREE 600,000 ITEMS, Wholesale ctir 
(LSASE) TNT, Box 2614, Big River, CA 92242. 


CABLE EQUIPMENT : 


MOVIE VIEW SALES 
Cable T.V. Converters 
Descramblers / Low Prices 
PO Box 26 * Wood Dale, IL 60191 
(708) 766-5222/Fax (708) 766-5269 
Call CST Mon.-Fri. - 9-5 / Sat.-10-2 
JERROLD * SCIENTIFIC ATLANTA 
OAK * ZENITH * HAMLIN * PIONEER 
Converter Only + Hand Helds 
Ch. 3 Filters * 3 Ft. Jumper Cable 

VISA/Mastercard C.O.D. 
Orders Only 1-800-735-5912 
10 Yrs. Experience 
6 Mos. Warranty 
(NO ILLINOIS SALES) 


CABLE TV DESCRAMBLERS 


x CONVERTERS + 
and ACCESSORIES. 


PANASONIC, JERROLD, OAK, 
| PIONEER, SCIENTIFIC ATLANTA 
AND MORE. LOWEST PRICES. FREE CATALOG. 


CABLE READY 
COMPANY 


(800) 234-1006 


CABLE T.V. EQUIPMENT 
Why Pay High Rental Fees? 


Replacements for all models. 60 day uncon- 
ditional money back guarantee. Low Prices. 
Ship within 24 hours. SSAE for free catalog. 
Visa, MC, COD. Let our experience work for 


"" — 4-800-243-3967 


| SKYLINE SYSTEMS INC. 
miim < 


114 S. Euclid Ave. 
Park Ridge, IL 60068 

CABLE TV CONVERTERS. Jerrold, Zenith, Pi- 
oneer, Oak, Scientific Atlanta, and many more. 
12 years experience gives us the advantage. 
Visa/MC AMEX C.O.D. Advantage Electronics, 
Inc. 1-800-952-3916, 1125 Riverwood Dr.. 
Burnsville, MN 55337. 


CABLE BOX 


WHOLESALERS, INC. 


BEST BOXES 
BEST PRICES 


Immediate 


Shipping 
COD's 
Satisfaction Guaranteed 


FREE Catalog 
Call Now 


800-841-7835 


CABLE TV CONVERTERS 
Save SoS o. L&L ELECTRONICS INC. 


* All makes and model 
rs of customers — 1430 Miner St. Suite 522 Des Plaines, IL 60016 


* Years of customers 

complete satisfaction 1 -800-542-9425 
* Quality Equipment Purchaser must agree to comply with all State and Federal 
* Shipped within 24 hrs laws regarding private ownership of cable TV equipment. 


* Free catalog 


CATALOGS 


NEW! WATCHMAKER'S TOOL CATALO 
$2.00. Bill Schroeder, Watchmaker, 5733 
Broadway, Chicago, IL 60660. 


MERCHANDISE, PRODUCT'S AND GI 
ITEM'S 100 PAGE CATALOG 5$2.00—THIN 
BY MAIL, 2059 Camden Ave, #165, San Jo 
CA 95124. 


PERSONAL SECURITY PRODUCTS! Catal 
$4. BLUETREE, Box 4177-PS6, Mountainvie 
CA 94040. 


CABLE TV 
DESCRAMBLERS 
CONVERTERS 
ACCESSORIES 
SAVE $$$ DON'T RENT 


30 DAY MONEY BACK GUARANTEE. M 
PANASONIC, OAK, JERROLD, 
ZENITH, SCIENTIFIC ATLANTA 
PLUS MORE!!! LOWEST PRICES!!! 
AA Electronics 


CALL 1-(800)258-9512 


CB RADIO. 


Land/General mobile radios, CB's, Scanne 
Radar Detectors, Auto alarms, Marine tra 
ceivers. Catalog $2.00. Ray's, Box 14862PS, 
Worth, TX 76117-0862. 


SECRET CABLE DESCRAMBLERS! Build | 
Your Own Descrambler for LESS than $12.00 in 
SEVEN EASY STEPS. RADIO SHACK Parts 
List and FREE Descrambling Methods That 
COST NOTHING To Try Included. Send $10.00 | 
to: Harry White, P.O. Box 1790, Baytown, Texas | 
77522. 

CABLE CONVERTERS, ACCESSORIES BE- | 
LOW WHOLESALE! Immediate delivery from 
giant stock! COD orders only. 1-800-995-1749. 


PRIME TIME 


O M PAM Y | 


Can fit post, 
lug or side ter- 
minal batteries 


Disconnects all elec trical circuits with 

a simple turn of the knob. Attaches to | 
battery in minutes. Heavy duty. Suitable 
tor 12 or 24 volt batteries 


Eliminates battery drain, prevents elec- 
trical fires, provides emergency cut-off 
Hemove knob to stop theft and 
unauthorized operation 

$14.95 each postpaid 

Add $1 for side post adapter 
BATHURST, INC. 
Box 27-PS, Tyrone, PA 16686 
811-684-2603 


Quantity discounts—12 units or more. 


CABLE TV DESCRAMBLERS 


| Converters, Accessories - Lowest Prices 


| Call For FREE Catatog: (BOO) 777-7731 


CABLE TV DESCRAMBLERS. BARGAIN 
HEADQUARTERS. ABSOLUTELY THE 
LOWEST PRICES! CALL US LAST! EZ 
ELECTRONICS 1-800-497-6273. 


| COMPUTERS 
Great opportunity! Build your own PC. It's ea 
and exciting. Save money. We'll show you how 
a few hours. Guaranteed! 24 hour free record: 
information: (801) 683-3920. 


| CABLE TV 
|DESCRAMBLERS| 


1-800-233-9388 
FREE CATALOG 
GUARANTEED BEST PRICES . IMMEDIATE SHIPPING 
APPLE — 


3388 ewdden St -— 257 
Hollywerodd, 


oe Se. 


CHEAP SOFTWARE—100'S OF PROGRAN 
FROM .89. CATALOG DISC $3.00 TO: | 
O'DONNELL ent., P.D. BOX 744241, DALLA 
TX 75374. 


VIRTUAL REALITY, Know the Facts Book 
$6.00. DEROBRO, BOX 530, Derby, VT 0582 


COMPUTER SOFTWARE CATALOG 600 C 
ferent Titles $2.99. ACS, Box 1510, Oakwoc 
GA 30566. 


Free Software! Free electronic mail all on-li 
services. Fun! No Hourly Fees! Local acces 
Report $5.95 PAPIN, Box 32115-A, San Jos 
CA 95152-2115 408-920-1690. 


CABLE DESCRAMBLERS!! Fight High Costs 
with this Innovative Build-it Yourself Design that 
Will Descramble ANY Cable/Satellite Signal. 
Send $12.95 for Complete Plans, Manual, and 
Parts List to: Advanced Industries, P.O. Box 
271347, Corpus Christi, TX 78427. 


Cable Descramblers—Must liquidate. Call for | sss 
discounted pricing 3-7 (CST) 800-333-3390. Become A Computer Buying Expert overnigi 
— 777". Send for Free Brochure. BVP, P.O. Bi 


3457-10016, Tega Cay, SC 29715. 


CONTACT LENSES 


WHOLESALE CONTACT LENSES, Al 
BRANDS, EXAMPLE: ACUVUE DISPO 
ABLES-$17.00. 6 PACK BAUSCH & LOA 
SOFLENS-$11.00. 1-800-521-3511. 


DO-IT-YOURSELF | 
QUARTZ CLOCK MOVEMENT and supplie 


Low Prices! Yankee Ingenuity, Box 113, Alti 


CABLE T.V. CONVERTERS Jerrold, Oak, Sci- | jl 3p ———————— 
LASERS, .5mw To 20 watts, Hundreds of Las 


entific Atlantic, Zenith, & many others. "New" 
Related Products & Plans. For Catalog C 


MTS stereo add-on: mute & volume. Ideal for 
400 & 450 owners! 1-800-826-7623. B&B INC. | 714-278-0563, or Write MWK Industries, 1 
| Lewis Court, Corona CA 91720. 


3584 Kennebec, Eagan, MN 55122. 


CABLE TV DESCRAMBLERS 
WHY PAY A HIGH MONTHLY FEE? 
PLEASE HAVE MAKE AND MODEL NUMBER 


OF EQUIPMENT USED IN YOUR AREA READY! 
FOUR STAR ENTERTAINMENT 
1-(800) 453-7482 


TELEPHONE LISTENING DEVICE 


Record telephone conversations in your office or 
home Connects between any cassetle or lapè 
recorder and your telephone line Starts awto- 
z^ matically when phone is answered Records both 
sides of conversahon. Stops recorder when 
phone i& hung up 


5 EACH Oty Dac Awhi 


Super Powerful FM TRANSMITTER 
| Many times more powertu! than ether transmitters 
Transmits up to 'à mile fo any FM rade -Easy to 
Assemble Kad - up to $V batery [not mel) 
For catalog of Transmitters. Voice Scrambiers and 
other specsty dems, enclose $2 00 to USI Corp 
Call 407-725-1000 or send $19.95 + $1.00 
shipping per itam to: USI Corp., PO Box 
PS-2052,Mwbourne, FL 32902 COD, OK, 


Tul” 


WORLD’S SMALLEST 
M TRANSMITTER 
ALL OTHERS OBSOLETE! 
New Surface Mount Technol- 
ogy (SMT) makes the XSTS00 
| tha smallest most advanced FM 
| transmitter you can buy! Power- 
| ful 4 stage design provides 
greatest range of any unit avail- 
able today. It can transmit whis- 
pers up toa mile away. Powered 
by 9V battery, it works with any 
FM receiver and is easily tuned 
over the FM radio band. Order 
our easy to assemble E-Z Kit 
with all chip components pre- 
assembled to the circuit board. 
$44.95 CHECK visa, MC, 


OTHER PRODUCTS! 
SATISFACTION GUARANTEED. m 


1-800-336-7389 — 2 Qe 


| XANDI ELECTRONICS - SINCE 1981 - 
201 E Southern Ave, S Tempe, AZ 85282 | 


ASK ABOUT OUR, 
XPS250 PHONE 
TRANSMITTER AND 


Sulte 111 


GET 2 TRANSMITTERS 


FOR THE PRICE OF 1! 


Law PE NE ii Device on 


slepi one transmitter all in one! 
imple 5 minute assembly! 
eNo circuit board soldering! 
eMONEYBACK GUARANTEE! 
s Tus 


Attach the VT-75 Svea 


requency y E" select. You can| 
the 7 anywhere on al 


130MHZ The VT-75 $ pomiri (100mW) 
even through 


60 it transmits farther - 

and buildings - where tiny PC boards with 
limited circuitry just can't. Want the smallest 
room transmitter you can buy? Just power 
the VT-75 with a hearing-aid battery and it 
stil outperforme all othere! WE DONT 


ers FALSE CLAIMS. Our VT-75 is the 
one ] 
e a lun 3 


shipping by U.S. Mail. COD's add $4. 
DECO Lor Dao HAS. NY 

INDUSTRIES" 10507 

CALL 914-232-387B 24HAS 


POORMAN'S INFINITY TRANSMITTER! 


Monitor room conversations! $2.00 part converts | 


any telephone! Plans $1.00, Free Catalog, 
Electromart, Box 4, Carthage, TX 75633-0004. 


DON'T THROW AWAY THAT USED 
COPIER OR PRINTER CARTRIDGE! 


| Do it yourself REFILL IT [cA NON" CO 

it's easy VE OVER 7594. |^ P 

| Complete kit includes SA zd ii sida | .$19.95. 
|: Lo ever =) | LASER PRINTERS 


iini ser ra 


MORACK Suum $19.95 | 
IWCURPORA TED Order or information| S“ABF:.CORIERS | 
3132 Windsor Or (Mb — (708) 596-0580 XEROX" 5008 
Palos Hits. iL 60465 ee FAY (roe) 598-0209 |. $29.95 


Design and Build Your Own Customized, Top- 
Quality Computer. PC-Build. 1-800-798-6363. 


XST500 


- E mam IC CHIP is a Room ^el 


every sound in an entire rues t over 1 mile ll 
away! Tiny IC chip uses the most advanced 


| 


| 


| AMAZING 


* ELECTRONIC © | 
ER & KITS 
Amazing 


qw. GlowTron™ 
TCR Projects visible energy! 


uem 


|| 


- hy 


TV/Radio 


fr 
wx ^ | 


eer E. = 
Joker Kit / 2] Gi 
One ofthe best JT [/ Fx | 
high tech gags! JL | | 


EJKIK. $19.50 (4 AÒ JI 
Anti- -Gravity Kit Great ettects - objects float 


on air! Amazing gift, conversation piece or science 
project. ANTIK $19.50 


1 Mile« FM Voice Xmitter 
Ultra-sensitive, high performance kit at 
low cost. XFM300 $19.50 


1 Mile Automatic Phone FM Xmitter Kit transmits 
both sides of phone conversation, XTL300 . $19.50 


DAO Phone Taping System 


Automatic, ready-to-use, complete 


cot ob à wo oh BÉ h Bos Bo o m d * 


B m à à d B om 3 X b d 


with extended play recorder. TAP20X .... $129.50 
imw Visible Red Laser Kit 
Produces 1 million degree K temperature 
equivalent! LASOSK lcner $49.50 


FREE CATALOG with Order, Or Send $1.00 P&H. 


z. mme cic irc rar icio T 


INFORMATION UNLIMITED 


Dept PS-91, Box 716, Amherst NH 03031 och 
Phone 603-673-4730; FAX 603-672-5406 Orders: 


MC, VISA, COD Accepted. ADD $5 S&H. 800-221-1705 | 


[REPAIR FOAM ROT 


FOR YOURSELF! 


| Foam speaker surround F 


replacements will mwa you E 
hundreds of dollars. All sizes. Ff 


includes AR, ADVENT, BOSE, 
INFINITY JBL. $27.95 / pair 
(Unel. S/H). (Na C.O.D.s). Do 
it yourself with SAT! 


STEPP AUDIO TECHNOLOGIES 
PO BOX 1086. FLAT ROCK. NC 28731 


1-800-747-3692 VISA/MC 
704-897-9001 — 


You've invented something. Now what? Contact: 
The Inventors Advertising Agency. 1-800- 
IAA-0871. 


| "THE REAL SPYMART" NO JUNK, GOOD 


ELECTRONICS, TRANSMITTERS, NIGHTVI- 


| SION, CELLULAR SURVEILLANCE, CATALOG 


$5.00. OPERATIVE SUPPLY, PO BOX 2343, 
ATLANTIC BEACH, NC 28512. 


Telephone Listening 


FM Transmitter inside Common Dual moauiar[) 

Adapter with up to l/4 mile rangel evice 
"heu map Fa” bat! - No wiring bo phone? 
"Super Powerfull Tunes - §8-)08Mhz | 

| "Crystal clear reception 
"Can be picked up on any FM Radio jo 
Tramin both sides of eonversatian Fs 

“Uses phone Ime for power and antenna! yr. | 


$24.95 Visa MC (214) 255-7490, 
Q 


aM 
E mor-Radix 


Box 66055-P5 Irving TX 75006 


He Ne Tubes 
ace odes { Qoo 


FREE CATALOG 


MERENI tTH—¥ P O. Box 1724 
INSTRUMENTS Glendale, AZ 85301 | 


CELLULAR PHONE SECRETS! How they 
work. Programming info most models. For edu- 
cational purposes. Comprehensive manual, 
$69.95. PC Systems, 21175 Tomball Pkwy, 
#234-PS, Houston, TX 77070. 


NEON TUBES: new surplus, many sizes- 
shapes-colors catalog $1.00. SPECTRAM 
NEON, 18374 Locust, Lansing, IL 60438. 


.New! GTRON $19.50 | 


UPHOLSTERY TRAINING VIDEOS. FREE 


BROCHURE. VUE, BOX 128PS, EI Verano, CA 
95433. 800-635-3493. 


SURVEILLANCE - COUNTERSURVEIL- 
LANCE, PROTECTION. Guaranteed Lowest 
Prices! Catalog $5.00 (Refundable), PROTEC- 
TOR, Box 520294-A, Salt Lake City, UT 84152. 


CUTTING GLASS CORRECTLY— 
INSTRUCTIONS AND PROFESSIONAL CUT- 
TER $6.95. GLASS, 363 CEMETERY ROAD, 
RIVERFALLS, WI 54022. 


New Telephone Privacy Device $249.00. 26 
Page Catalog $5.00. EMCOM, 10 Howard, Buf- 
falo, NY 14206. 716-852-3711. 


SURVEILLANCE TELEPHONE $175.00, RE- 
MOTE TELEPHONE, RECORDER AND ROOM 
MONITOR $479.00. $3.00 CATALOG, LISTEN 
ELECTRONICS, 603 ELGIN, MUSKOGEE, OK 
74401. 800 633-8277. 


RECYCLING made EASY and CONVENIENT! 
Send $3.00 to WOODCRAFTY, PO BOX 11, 
West Carrollton, OH 45449 for plans to build 
handy device. 


TINY MATCHBOOK VIDEOCAMERA, Under 
$200!!! 2 Mile TV Transmitters! Ultracovert Sur- 
veillance! Microvideo Catalog, $3.00. SUPER- 
CIRCUITS, 13015 Debarr Drive, Austin, TX 
78729. 


Cabinet Refacing. Step by Step Instructions. 
Sources. SASE. Kitchen Specialists CO., 11A S. 
Jackson St., Bellesville, IL 62220. 


Move rainwater automatically from house to 
pool, garden. You probably have everything 
needed..Easy setup, minutes. $15. DCAP, PO 
Box 331, Mechanicville, NY 12118. 


UHF. Disguised Surveillance Transmitters/ 
Receivers. For Export Only. Dealer Inquiries 
Fax (716) 681-0604. 

EDUCATION & INSTRUCTION 
HIGH SCHOOL at home, diploma awarded. Low 


monthly payments. No classes, information free. 


Phone free 1-800-228-5600, or write: American 
School, Dept. #347, 850 E. 58th St., Chicago, IL 
60637. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, DOC- 
TORATES, ACCREDITED, INEXPENSIVE, 
FAST. FREE INFORMATION. DR. JOHN 
BEAR, PO BOX 826PS, BENICIA, CA 94510. 
800 835-8535. 


BE A PROFESSIONAL SKIPTRACER AND 
MISSING PERSON INVESTIGATOR! Com- 
plete training program. INFOPACK $2.00. ATC, 
289 College, Burlington, VT 05401-8320. 


PARALEGAL GRADED CURRICULUM. Ap- 
proved home study. Most affordable and com- 
prehensive. 100 years of legal training. FREE 
CATALOG 1-800-826-9228. BLACKSTONE 
SCHOOL OF LAW, P.O. Box 871449, Dept. PS, 
Dallas, TX 75287. 


PRIVATE INVESTIGATION TRAINING! Big- 
Income! Own Boss! FREE Information. Probe, 
P.O. Box (PS) 2133, Beverly Hills, California 
90213-2133. 


“FREE VIDEO* External BA/BS, MS/MBA, PHD! 
LAW. Accredited, financial aid, (800) 688-3542. 
LA SALLE UNIVERSITY, Dept. #618, Mande- 
ville, LA 70470-4000. 


BE A LOCKSMITH. Moneymaking Career 
Opportunity. Send for a FREE Book to the 
Locksmithing Institute, Dept. 311-063, Fairfield, 
NJ 07004. | 


WORLD WIDE COLLEGE OF AUCTIONEER- 
ING, INC. (formerly Reisch) Since 1933. Term 
Soon. Free Catalog-Col. Gordon E. Taylor, Box 
949, Dept. 3, Mason City, IA 50402-0949. 515 
423-5242. 


BECOME A PARALEGAL. HOME STUDY. 
P.C.D.., ATLANTA, GA. FREE CATALOGUE. 
800-362-7070, DEPT. LG109. 


LEARN PERSONAL COMPUTERS. HOME. 


STUDY. P.C.D.I., ATLANTA, GEORGIA. FREE 
LITERATURE. 800-362-7070, DEPT. KG109. 


PILOT SHORTAGE IN THE 1990's? YES! 
Learn How To Become A Pilot. Information on 
Requirements, Costs, Careers, Etc. 17 Page 
Manual. $7.00. Hump Enterprises, Dept. 1000, 
P.O. Box 40571, Memphis, TN 38174. 


LOOK! PRIVATE AID, FOR COLLEGE: SCHOL- 
ARSHIPS, ETC. FOR APPLICATION. LAMPS, 


BOX 149, MILLERSBURG, OH 44654-0149. 


Video Courses, three topics, Mastering the Dig- 
ital Multimeter, Direct Current, Alternating Cur- 
rent. Each includes two hour video, book. Just 


| $49.95 - 3s&h, all three for $139.95 + 5s&h. 


Demax, POB 946, Benton Harbor, MI 49022. 
VISA/MC 1-800-79DEMAX. Satisfaction guar- 
anteed! 


EMPLOYMENT INFORMATION 


EASY WORK! EXCELLENT PAY! ASSEMBLE 
PRODUCTS AT HOME. TOLL FREE 
1-800-467-5566 EXT. 8068. 


HOW TO FIND UNADVERTISED JOBS! 


$12.95 To: HOL PUBLISHING, 26522 - 29th 
Ave., Box 1571, Aldergrove B.C. Canada VOX - 
1AO. 


— ENERGY SAVING 


FREE ENERGY ! 


i Fuel-less Motors & Generators 


Carburetor Triples M. P. G. 
Amazing Principles & Details: 

i H & A INDUSTRIES | 
Route 2, Box E-35 Dept P, 


L, Bowling Green, MO 63334 


SOLAR, GREENHOUSE, AQUACULTURE, 


ENERGY SAVINGS CATALOG! 64 pages. Fea- 
turing Sun-Lite.* Solar/electric vehicles, con- 
version kits and components. $2.00 post- 
paid. Solar Components, Dept. PS. 121 Valley 
St., Manchester, NH 03103. 603-668-8186. 

WE SEND YOU THE STORE. FRAMES/ 
SUNGLASSES SENT FOR YOUR APPROVAL, 
FREE! WHOLESALE PRICING. 800-999- 
RXAU. 


FINANCIAL 


FEDERAL LOANS for small business now avail- 
able. 1- -800-777-6342 for free details. 


HOW TO MANAGE DEBT: The right way to use 
borrowed money. $12.95. WIA Books, P.O. Box 
11668, Atlanta, GA 30355. 


OVERDUE BILLS? Bad credits no problem! 
Licensed/Bonded. Applications to $50,000. Not 
loan company. TCAC, Dept. PS, P.O. Box 26397. 
Birmingham, AL 35226 or call 1-800-869-0607. 


GET FREE CASH! Private money grants. Foun- 
dation giveaways. Loans. Millions available. 
Sources: Box 5529-Y, Diamond Bar, CA 91765. 


OSTRICH EGGS: own your own unique gift idea. 
SEND $39.95. AMS, Dept. 00, 24566 Eilat 
Street, Woodland Hills, CA 91367. 4—8wk del. 


MASTERCARD and Visa. Bad credit no prob- 
lem. Application information $10.00. SASE, P.O. 
Box 245a, Sparta, NJ 07871. 


FOR INVENTORS 


PATENTS DEVELOPED-MARKETED BY 
PROFESSIONAL PATENT ENGINEER, U.S. 
PATENT OFFICE FORMER EXAMINER & 
MANUFACTURERS REPRESENTATIVE. Free 
Invention Protection Certificates. PATMART, 
Suite 702 PS, 233 Broadway, New York, NY 
10279. 


REGISTERED PATENT ATTORNEY. D. A. 
Kettlestrings. Free patent/trademark informa- 
tion. 1-800-966-7577. 


PATENT AND DEVELOP Your Invention. Regis- 
tered Patent Agent and Licensed Professional 
Engineer. Send for FREE PATENT INFORMA- 
TION Every Inventor Should Have. Richard L. 
Miller, 12 Parkside Drive, Suite-N, Dix Hills, NY 
11746-4879. (516) 499-4343. 


INVENTORS! Can you patent and profit from 
your idea? Call AMERICAN INVENTORS 
CORP. for free information. Serving inventors 
since 1975. 1-800-338-5656. 


PATENT IT ECONOMICALLY! Free details. Li- 
censed since 1958. Hainer Associates, 2008 
Fondulac, Richmond, VÀ 23229. 


FREE help for inventors! No charge for protec- 
tion forms and information kit. Affiliated Inventors 
Foundation. 1-800-525-5885. 


DON'T BE FOOLED! CALL OUR INVENTORS 
CLUB 24 HOURS FOR INFORMATION. 
1-800-466-1793. 
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FOR INVENTORS 
WORK DIRECTLY WITH 
REGISTERED PATENT ATTORNEY 
AND ENGINEER 
31 YEARS COMBINED ENGINEERING 
AND PATENT EXPERIENCE 
U.S. & INTERNATIONAL PATENT APPLICATIONS 
Patent and develop your idea with the 
experience of an expert. Call or write for 
free 148 page brochure, confidential ad- 
vice and forms for confidential disclosure 
and record of invention 


Overseas production, prototypes 


|. INTRODUCTION TO INDUSTRY & MARKETING PLANS 


Also specializing in 
copyrights and trademarks 
Less than 1 hr. flight time to 

US Patent Office 
MICHAEL I. KROLL 
REGISTERED PATENT ATTORNEY 


US PATENT REGISTRATION 26,755 
171 STILLWELL LA., SYOSSET, NY 11791 | 


US & Canada } 800-367-7749 


US & Canada 


OUTSIDE USA 516-367-7777 
FAX 516-692-2787 


ATTN: INVENTORS 


FREE “INVENTION KIT" 
*Patenting *Licensing «Marketing 
Take Action- call now! (Must be 21) 


FREEDOM MARKETING, INC, 


USA CANADA 


1-800-932-4298 


INVENTORS’ DIGEST. America’s ONLY Inven- 
tors Magazine. $20/year. Satisfaction guaran- 
teed. Free patent manual. 1-800-525-5885; 
INVENTORS—NEVER SHOW IDEAS TO 
STRANGERS! Avoid ripoffs—save thousands! 
Revolutionary idea protection/marketing meth- 
od! Nonprofit organization. Free information—24 
hours: 1-B00-B46-322B. 


INVENTORS 


YOUR FIRST STEP IS IMPORTANT. 
FOR FREE ADVICE, CALL 


ADVANCED PATENT SERVICES 


COMPLETE PATENTING & MARKETING SERVICES 


Washington, DC 1-800-458-0352 


AVOID SCAMS! Free information exposing 
invention, marketing/patenting companies. 
1-800-428-5779. 


CONTINGENCY PATENT LICENSING. PRO- 
PAT International Corporation, 441 Summer St., 
Stamford, CT 06901-1304. (203) 325-3344. 


PATENTS. Very reasonable lees. Very fast ser- 
vice. Careful drawings. Call evenings. (908) 
341-1890. 


TWELVE STEPS to venture capital. Report 
$10.00. Dr. Ball, 323 Beech, Trinidad, CO 81082. 


Learn how to offer your invention for sale or 
license. Free booklet outlines procedures, roy- 
alty rates, requirements. Kessler Sales Corpora- 
tion, C-7-Fl, Fremont, Ohio 43420. 

FREE PATENTING GUIDE: mechanical, electri- 
cal, computer and software inventions. 24 hours, 
1-800-966-0119. 


INVENTORS! Free 24 message details Protec- 
tion & Marketing of your Ideas. Call Pro Plus at 
1-800-374-9185. 


FOR THE HOME | 


New miracle glass cover prevents spills 
while keeping normal use of glass. Can be 
used anywhere. 


-—— 


Send $19.85 for 6 | 
glasses to Deakon 
Ent. Miracle Glass, | 
P.O. Box 129, Que. 
Can. HIH-1W5 
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GOVERNMENT SURPLUS 


DRUG RAID SEIZURES: Dirt Cheap! Cars, 
Houses, boats, computers. Seizures, Box 
51488-YD, Ontario, CA 91761. 


HEARING AIDS 
HEARING AIDS - GUARANTEED LOWEST 


PRICES! No huge commissions. Home trial, 
terms. All makes. We're the oldest, biggest, best. 


| Custom instrument specialists. Free information, 


1-800-323-1212. Lioyds-PSC. 


FHEE 
CATALOG! 


New Hearing Aids 


||| * All Models | 
* Huge Savings ()» 


|" No Salesman will call 


Try Before You Buy! 
Write: Rhodes Hearing 
20112 Ohio St., Brookport, IL 62910 
1-800-453-4905 (24 hrs.) 


| FREE HEARING AID CATALOG HUGE SAV- 
INGS By Mail, FREE 30-day TRIAL. Write Now: 
Amazing Technology, 531 Main Street, Suite 
335-S6, EI Segundo, CA 90245. CALL 
1-800-382-0002. 


HELP WANTED 
EARN MONEY Reading books! $30,000/yr In- 
come potential. Details. (1) B05-962-B000 Ext. 
Y-20025. 


HOME TYPISTS, PC users needed. $35,000 
potential. Details. Call (1) 805 962-8000 Ext. 
B-20025. 


Guaranteed Work! Assemble easy products at | 
home. Excellent Income! 1-800-377-6000, | 


ex6050. 


WORK AT HOME! EXCELLENT PAY! Easy 
Product assembly! Toll Free Ext. 5037. 
1-800-881-8882. 


$329.84 Weekly Assembling Products At Home. 
Free Information. Toll-Free: 1-800-333-3294 
(Message). 


HOBBIES & COLLECTIONS 


MILITARY Medals Catalogue. $1.00; 10 issues 
$8.00. S. Vernon, BOX 890280PS, Temecula, 
CA 92589-0280. 


HOME BREWING 


Learn To Brew Sensational Beer Easily, Quickly. 
Free Information. Packet #19. 414-631-1239. 


HOME CRAFTSMAN 


MAKE WOODEN TOYS! Whirligigs! Door 
Harps! Dollhouses! Banks! Music Boxes! Doz- 


OH 43718. Phone Free: (800) 848-4363, Ext. 
309. 


HOME PROTECTION 


INSTALL YOUR OWN SECURITY SYSTEM. 
SAVE HUNDREDS. New manual tells how. Writ- 
ten by alarm professional. $15.00. Equipment 
available for Do It Yourself M/C, Visa. Alarm 
Depot, 606 Oleander Dr., Merritt Island, FL 
32952 (800) 531-6772. 


DOORSCOPE—Revolutionary New Optical Se- 
curity Instrument. Free Brochure. Unique Indus- 
tries, 1772 J Los Arboles, Suite 102, Thousand 
Oaks, CA 91362. 


WATER FLOODING? Level Alarm Plans 
$10.95. David Perez, Playa PTO. Real Box 430, 
Puerto Real, P.R. 00740. 


| Protect your home and vehicle. Complete Secu- 
|| rity Label system. US $5.00. Suite 250, 1021 
| 16th Ave. S.W., Calgary, Canada T2H OTS. 


INVENTIONS WANTED 


INVENTIONS, ideas, new products! Presenta- 
tion to industry. National exposition. 1-B00-288- 
IDEA. 


HONGKONG factory needs several new prod- 
ucts for their oversea buyers. Send product ideas 
for royalty evaluation. Can produce exclusively. 
Hongkong Plastic Metal Products Company, Box 
69627, Kwuntong, Hongkong. 


INVENT SOMETHING? Free Eureka Solutions 
International invention/idea package provides 
unique marketing information. 1-800-547-7885 


INVENTORS: Free Patenting Information Kit! 
The Concep! Network Represents people with 
new Product ideas. Prototype or schematics 
preferred; but not required. Call today! 
1-800-835-2246 Ext. 67 


Inventors: If you have an invention for sale or 
license, write for free booklet explaining how we 
can help you. Kessler Sales Corp., C-7-IW-3, 
Fremont, Ohio 43420. 


| NEW PRODUCTS'/IDEAS: Free Development, 


Patenting, Licensing package, call Davison & 
Associates 1-800-677-6382. 


INVENTORS! 


NordicTrack, America's fastest grow- 
ing equipment company, seeks pat- 
entable ideas for fitness equipment 
and for Healthy Kitchen™ (healthy 
cooking made easy) product line. 
Inquiries treated confidentially. Each 
idea gets individual attention and 
response within 10 days, with royalty 
revenue possible. We treat inventors 
right! 

Write: Weston Cutter, NordicTrack, 
104 Peavey Road, Chaska, MN 55318, 
or call 1-800-967-2113. 


12 For $5.00: PETE NESIC, 1462 EDELWEISS 
AVE., RIV, CA 92501. 


EE GN 
-KITES 


| FREE COLOR CATALOG 
Choose from over 200 kites. 
Many unusual & innovative designs. 
Call or write for your catalog today! 


1 
| Into The Wind e (800) 54-0314 | 
1408-P Pearl St., Boulder, CO 80302 

fen ee ee eee ee ee 


LOANS BY MAIL 


BORROW: $100 - $100,000! Fast! Confidential. 
Glendale Associates, P.O. Box 260279, Plano, 
TX 75026. 1-800-444-6599. 


SIGNATURE Loans, must have checking ac- 
count & steady job. Call 1-800-445-0680. 


BORROW $500-$40,000! “Overnight” on Signa- 
ture. Keep indefinitely! Action, Box 5499-Y, Dia- 
mond Bar, CA 91765. 


ARAB BUSINESSMEN have money to buy and 
invest. Top finders fees paid. IMEA. 593psl. Box 
3574, Newport Beach, CA 92659-8574. (714) 
722-9260. 


OBTAIN A $1500 INTEREST FREE LOAN BY 
MAIL. DETAILS $3.00, GAGLIANO ASSOC., 
Box 3190, L.I.C., NY 11103-0190. 


MAGIC TRICKS, PUZZLES, ETC. 


MODERN MYSTIFYING MAGIC EFFECTS! 
Catalog $2.00 Refundable. Promotions Unlim- 
ited, 8181 Mission Gorge Road, San Diego, CA 
92020. 


MAILING LISTS 
"RED-HOT" OPPORTUNITY SEEKERS 
NAMES! GUARANTEED! IMMEDIATE SHIP- 
MENT! 200/$8; 500/$13; 1,000/$19; 2,000/$35; 
5,000/$70. QUALITY LISTS, BOX 6060-PS, 
MILLER PLACE, NY 11764. VISAMC/COD 
ORDERS CALL 800-356-6392. 

CUSTOM MAILING LISTS: Many categories, 
P/S Labels, (Free Newsletter) Dept. 7, PO Box 
40851, Memphis, TN 38174. 


Never Before Used! Hotline Opportunity See 
ers! 200/$18; 500/$28; 1000/$45. Mixed State 
Immediate Shipment! Order Now! Advon, Draw# 
B-7, Shelley, ID 83274. Credit Card Orde 


MISCELLANEOUS 


ORDER YOUR IRS/CIAFBINSA RECORD! 
NAME, BIRTHDATE, SSN, $49.95: BLUETREI 
Box 4177SC, Mountainview, CA 94040. _ 


BE BETTER, DO BETTER, 50 Best Ideas. $2 | 
& SASE. LAJ, 531 Elkins Lake, Huntsville, T 


MUSICAL INSTRUCTION — 


LEARN TO PLAY A HARMONICA! Simplifiq 
basic lesson including 20 easy to play song] 
$1.00, Harmonicas $10.00 and up. Harmonica 
International, P.D. Box 239, Van Nuys, C 
91408. 


OF INTEREST TO ALL 


SELF PROTECTION! Crime is on the increas 
Send for a FREE catalog of low cost person 
security products. Pine Tree Products, P.O. Bd 
686, Barnegat, NJ 08005. 


FREE CATALOG of incredible, functional ar 
wearable art featuring M.C. ESCHER and A 
BERT EINSTEIN™. (800) 775-3966. 


"MAD SCIENTIST PROJECTS" BY UNCL 
FESTER HOW TO: GET FREE ELECTRICIT} 
DESCRAMBLE CABLE and VIDEOCYPHE! 
il+. Make HYDROGEN GAS, HIGH VOLTAG| 
FUN and MORE! GUARANTEED!! Order Bod 
Send $10.00 to: G. KOHLER, 39 QUARF 
COBLESKILL, NY 12043. 
Want to remember dates? Write: We Remembe 
PO 638, Pelham, NH 03076. 


STOP SNORING! Guaranteed! $15 Check q 
M.O. 1131 Sunrise Way $SP, Milpitas, C 


95035-6239 


OLD GOLD, JEWELRY WANTED 


HIGHEST CASH for Gold, Jewelry, Gold Teeth 
| Rings, Diamonds, Watches, Silver, Platinum 
Mail Articles Today. Free gift with Information 
Chicago Gold & Precious Metals, 10 S. Wabash 


Dept. 157, Chicago, 60603. 


PATCHES, DECALS, BADGES 
CUSTOMIZED PATCHES, PINS, DECALS 


| FREE CATALOG, STADRI, 71A TINKEF 


STREET, WOODSTOCK, NY 12498 
914-679-6600. 


| PLANS & KITS 


ee ee eae A a a uirum 
CONCRETE DOME KIT 7^ m it 


Info Pak 
|. Sed'umosnoumbo" __\Video/Literature 
Monadiithic Constructors, inc : 
PO Box 479 « Italy TX 76651 $ | 9.95 


DOME HOMES & CABINS, Pre-cut kits, supe 
insulated. Natural Spaces Dome: 
1-800-733-7107. 


ELECTROMAGNETIC ENGINE CONVER 
SION from internal combustion engine ti 
pollution-free. Info $10. Zero Arc Prod., PO BO) 
1714, Perris, CA 92572. 


RUN 3 PHASE MOTORS on single phase usin 
surplus parts plans $5.00. B. Graham, RA#2 
New Norway Alberta, Canada TOB 3LO. 


Five Playhouse Plans. $10. RBR Woodworking 
Box 295, St. Michael, MN 55376. 


AMAZING MINI HOT AIR BALLOONS THES! 
WORKING SCALE MODELS ARE ABSO 
LUTELY INCREDIBLE! TOTAL CROWI 
PLEASER PLANS ...$9.95, KIT... $24.95 
J.L. MATTHEWS, BOX 731, BRUNSWICK 
OHIO 44212. 


PLANS, BLUEPRINTS 


ORGANIZERS COMPLETE PLAN: 
$9.95. WORLDWIND PRODUCTS, 11522 SF 
B4 ST. 339, DAVIE, FL 33325. 


lepers PLANS 10'x16' Barn style Shed. 
address, $24.95 to: ELA Designs, Box 
54, Mt. Vernon, WA 98273-7764. 


-.YCLE YEAR AROUND. Inexpensive Quick 
nversion, Plans $4.00. J. Uvick, POB 83, 
onson, MI 49028. 


ORAGE SHED, 8'x16', Complete plans, in- 
uctions. Send $15 to Workman Corporation, 
1B 161206, Austin, TX 78716. 


flee Maker Conversion Plan. Coffee in in 1:26 
conds, $8.00, Nollid, P.O. Box 541, Station A, 
:hmond, CA 94808. 


PLASTICS 
JBBER, plastic compounds, techniques, 
urces. Free information: Caster, Box 16586V6, 


ymphis, TN 38186-0586. 


ASTOLITE Liquid Plastics. Crystal clear, col- 
3. For casting, embedding, coating, fiberglass- 
) repairing and reproducing with our Mold 
aking Supplies. Catalog $2.00. CASTOLITE, 
ipt. 93F/PS, 4915 Dean, Woodstock, IL 60098. 


RADIO, TELEVISION 


ECRET Scanner Frequencies: Federal, Police, 
5. Free Catalog! CRB, Box 56PS, Commack, 
f 11725. 


REAL ESTATE 


ALIFORNIA. Acreage. Lots. $50 down. $50 
onthly. 4602 Ethel Ave., Sherman Oaks, CA 
423. 

OVERNMENT HOMES from $1 (U repair) De- 
quent tax property. Repossessions. Your area 
) 805 962-8000 Ext. GH-20025 for current repo 
t 


Trees, Creeks and Wildlife, 20 QUALITY acres | 
(and up), close to Yellowstone Park, starting | 
at $7,450. Easy Owner Financing. Guaranteed 
Access. Warranty Deed. Free Color 
Brochure. 
Rocky Mountain Timberlands 
1315 East Main - Dept. PS, P.O. Box 1153 
Bozeman, MT 59771-1153 * (406) 586-8088 


Call Toll Free: 1-600-682-8088 


OVERNMENT LAND now available for claim. | 


p to 160 acres/person. Free recorded mes- 


ige: (707)448-1887. (4JG6) 


e MONTANA LAND | 
20 ACRES - From $12,900 
EE C Hike, camp, hunt, fish, 
explore Montana's 
unspoiled wilderness. 
Near nat forest land 
& recreation areas. 
FREE BROCHURE 


EXCELLENT] FINANCING 
Call Toll-Free 1-800-252-LAND 


in Montana call d6-587-54659 


Yellowstone Rasin Propertics 
Vaid Where Prodluhiteil 


INNESOTA—BEAUTIFUL FORESTED 10 
es. $6500. National Forest—Gull Lake 14 
ile. FREE INFORMATION. EASY FINANC- 
IG. OWNER. 1-800-782-0746 anytime. 


JRECLOSURES! GREAT RETURN! Long 
ort term investment. Little down. Partnership 
irchasing. 800-323-7942. 


FAMOUS HOT DOG SAUCE—2 FAMOUS 
RECIPES. SEND $5.00 SASE. MW, POB 
167875, OREGON, OH 43616. 


ROOFING | 


STOPPING ROOF PROBLEMS 
roofs since 1978. 


Inew roof sheathing materials. For commercial, | 
industrial & residential roofs. Stop leaks & roof | 
rumble in mobile homes. Weatherproofs solar 


| |panels, sky lights, fiberglass roof panels. Stops 
| |rust on metal and structural steel, bridges, etc. 


p ps x Buy factory direct. 
o awe Higest Quality 
r | _ y i me ere | 
i | lividuals 
POLAR SEAL Contractors | 
|ì BORE S SYSTEMS A $ Companies | 
` - a u For Information: | 
ba T Call POLAR SEAL 
| ww 1-800-943-7663 
WEEKDAYS 8-5 CST 
E A FAX 1-219-356-1859 | 
SSS E ___ HUNTINGTON, IN. | 


SKYLIGHTS ATTRACTIVE COPPER WATER 
DIVERTER WILL PREVENT ROOF LEAKS, 
EASY INSTALLATION CATALOG $4.95 refund- 
able ALYANN, 127 WOODSIDE RD, MASTIC 
BEACH, NY 11951. 


RUBBER STAMPS 


Order "CUSTOM MADE" 


| RUBBER STAMPS 


222 
(Max 30 letters per line) 
dass piece any $1. a5 ea. 


Lut M ' add 25€ per i wide tas Saato 
p SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 id 


QUALITY Stamp Mig Box 35514-5 Tulsa OK 7415; 


Satellite- VE 


ee Satisfaction 
meaner 
: Easy Installation 


IM ta ^ 
rom 
44 ANS 
oL t1. * Complete Inti Intruel. 


Over 40,000 Satisfied Customers | 
^ s 1-800-334-6455 


Inti 218-739-5231 Fax 218-729-4879 


SKYVISION INC. 
1030 FROMTIER DAVE 
FERGUS FALLS, MM 56537 


UT OR UPDATE YOURSELF! 


56 Page 
Catalog Buyer's Guide 


» All Major Brands 
: Complete Systems 
: Accessories. 
+ Huge Savings 


| E d 
A. 


SUPER low satellite prices. Free U.S.— 
International catalog. Satman, 800-472-8626. 


SATELLITE MONTHLY AUDIO CODES. 1-900- 
SUMMONS—$1 FOR THE FIRST MINUTE, $2 
FOR EACH ADDITIONAL MINUTE. AVERAGE 
CALL 2 MINUTES. INTENDED FOR TESTING 
ONLY. LINTEC CO., SWARTZ CREEK, MI 
40473. 


SCIENCE & CHEMISTRY 


"EXPERIMENTERS" LABORATORY CHEMI- 
CALS - GLASSWARE, Catalogue $2.00, Estab- 
lished 1953, Hagenow Laboratories, 1302 
Washington, Manitowoc, WI 54220. 


LABORATORY CHEMICALS, GLASSWARE 
Instrumentation & Supplies Acids, Solvents, Or- 


ganics, Inorganics & Pharmaceuticals. Catalog | 


$3.00. Advance Scientific, 1318 North Dixie Hwy, 
Hollywood, FL 33020, (305) 927-2700. 


MAKE YOUR OWN ROCKETS homemade 
fuels, chemicals, plans, supplies catalog $3.00. 
PYROTEK, P.O. BOX 1, CATASAUQUA, PA 
18032. (717) 256-3087. 


ROBOTICS, ASTRONOMY, PHYSICS, CHEM- 
ISTRY AND LABORATORY SUPPLIES CATA- 
LOG. $3.00 REFUNDABLE. SINCE 1970. SAVE 
UP TO 30%! ANALYTICAL SCIENTIFIC, 11049 
BANDERA, SAN ANTONIO, TX. 78250. VISA. 
512-684-7373 


CASH ROYALTY! SONGS COMPOSED FROM 
YOUR POEMS. Broadway Music Productions, 
Box 7438-PS, Sarasota, FL 34278. 


SPORTING GOOD | 


NEW BICYCLE SEAT GUARANTEES TOTAL 
COMFORT! GREAT GIFT! FREE INFORMA- 
TION 1-800-822-SEAT. 


STAMP COLLECTING 


FREE! 100 World Wide With Approvals. Kloster, 
16289 Bunny, Jamul, CA 91935. 


50 Space stamps 25¢ with approvals. Becker, 
Box 3284-PS, Portland, OR 97208-3284. 


50 Different Selected United States Stamps. 
Only $1.00. Tom Roush, PO Box 1706-M, Willis, 
TX 77378. 


300 Breathtaking Stamps-25 Countries. Only 
$1.00 with latest bargains and sensational ap- 
provals. NeoTrends, SF93, Box 982F, Toronto, 
Canada, M4Y 2N9. 


SWIMMING POOLS/ACCESSORIES 


SOLAR POOL HEATER Build for under 
$150.00. Send $6.50 for Plans. Design Enter- 
prises, PO Box 26507, Fresno, CA 93729. 


SOLAR SUPER POOL HEATER 180.00, Free 
information, "Pools", 1807 Highway 104, Glen- 
wood, MN 56334. 


TOOLS & MACHINERY 


LATHES 
*STARTING AT $350 
*MILLS «METALS "BOOKS 


3 PRECISION 
| INSTRUMENTS 


Catalog $2.00 


(513) 322-B562 


CAMPBELL TOOLS COMPANY . 


2100-P Selma Rd. * Springfield, OH 45505 


BOLTS, SCREWS, TOOLS, WHOLESALE, Di- 
RECT. Guaranteed. Catalog $2.00 (refundable). 
Camelot, Dept. 33, Box 65, Bristol, WI 53104. 


POWER BAND CUT OFF SAW 
: FAST & EFFICIENT | EASY TO BUILD! 

- CUT UP TO 8X12 A PLEASURE 

* BUILD WITH TO OWN 
AUTO PARTS 


: SAVE HUNDREDS! 
MONEY BACK 
GUARANTEED 
PLANS 
$12.95 

FULLY DETAILED 
& ILLUSTRATED 


ND TO: LOMBCO DESIGN ! INC 
PO BOX 88176, 5232 MAIN ST.. VANCOUVERA. BC, CAH. VAA 4À5 


4" METAL LATHE $125.40. Taig 21069—124TH 


ST., Chandler, AZ 85249. 


| JET LATHES « MILLING MACHINES 


CALL S 
800-872-6500 
FOR LOWEST 

PRICES!!! 


| BLUE RIDGE MACHINERY & TOOLS. INC. 


SPRINGS—Design your own! Easy PC soft- 
ware. Expected life, wire size, etc. $14.95, AL- 
MAX 2000. Powell, Suite 1200, Emeryville, CA 
94608. 1-800-JET-FILE. 


TRAVEL 


VACATION IN STYLE! Inexpensively, free, or , 
profitably! Publication filled with unique profes- 
sional information. $2.00, SASE TO: WillowGate 
Publishing, 172 Willow St., Acton, MA 01720. 


VIDEO EQUIPMENT | 


MICROWAVE TV RECEIVERS 1.9 to 2.7 GHz 


J& CH 20" Parabolic Dish Sys, ..........-. 1173.90 
J& CH 28" Rod Ant. Sys. s 1193.90 
36 CH 16x20" Grid Ant. Sys. [photo]....'289.00 
36 CH 24x36" Grid Ant. Sys. .............. 314.95 
POENIS, AZ $5087 roduct catalog. 
(502) 230-1245 Dealer discounts 
FAX (602) 269-6069 available. 


ORDERS ONLY 1-800-484-4190 code 9793 


Sand.$1* for 


NES ZB P AAT 


WATER PURIFICATION 


WATERWISE PURIFIERS . .. homemade dis- 
tilled. (800) 874-9028. Box 45982, Center Hill, FL 
33514-0459. 


SHOP AT HOME 


BAE you do sare] Tor pe ot rene Poe camming) 


LOVE 
TO SHOP 
BY MAIL? 
Don't miss POPULAR 
Science's September 
issue if you love the 
fun and convenience 
of catalog shopping. 
Our Shop at Home 
section will feature 
catalogs you can 
order from many of 
the country's most 
exciting and success- 
ful mail/phone order 
merchandisers. 


CATALOG 


ADVERTISERS 
call for rates: 


each 4.2 million readers every month with an ad in Popular Science Classified Opportunity Mart. August '93 issue deadline (on sale July 13th) is May 12th. Rates: $12.40 
er word. Minimum ad 12 words. Darker type (bold) words $1.00 per word extra. Display Classified: $690 per inch. Payment with order, or charge your Visa, MasterCard, 
merican Express, Discover Card or Diners Club account (give number and expiration). Advertisers using box number in ad must furnish name and street address for our 
icords. Send order and remittance payable to POPULAR SCIENCE, Classified, 2 Park Avenue, New York, NY 10016. For advertising information call 800-445-2714 ext. 


163 or 5132. FAX # 212-779-5568. 


opular Science reserves the right to refuse any advertising order. Only publication of an advertisement shall constitute final acceptance for continued publication. All 
rders are subject to the applicable rate card, copies of which are available upon written request sent to the address provided. 


isa Kunin, Randi Cohan, Classified Advertising Representatives 
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100 YEARS AGO 
First Fax? 


new system of electric 

transmission promises to 
rival the telephone,” proph- 
esied the editors about the 
telautograph, a forerunner 
of today’s facsimile ma- 


chines. It was considered the 


first practical fax machine 
because pens in the sending 
and receiving units did not 
have to operate simultane- 
ously. But it wasn’t until 
1966, with the development 
of the first standards, that 
the fax machine became a 
practical reality—June 1893 


50 YEARS AGO 
AMPHIBIOUS JEEP 


"he Army's amphibian 

GPA was able to speed 
across dry land and rivers 
alike. In the water, it was 
driven by a propeller and 
maneuvered by a rudder 
controlled by the steering 
wheel. It was powered by a 
four-cylinder, 60-hp engine 
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50 Years AGO 


THe FASTEST 
Fiyvinc Boar 


he P4Y-1 flying boat was 

billed as “the fastest fly- 
ing boat to be built in this 
country, if not the world.” 
Two 2,000-hp engines gave 
it a cruising speed of more 
than 158 mph. It carried a 
crew of seven and was in- 
tended for cargo missions 
and combat duty. Flying 
boats were phased out by 
the Navy in the late 
1950s.—June 1943 


and could carry a payload of 
more than 800 pounds. With 
a flip of a switch, the driver 
could change the vehicle 
back into a four-wheel-drive 
jeep capable of 60 mph. To- 
day's water-fording vehicles 
include the Humvee, which 
can cross 40-inch-deep 
streams, and the Bradley 
Fighting Vehicle, which can 
"swim" through deep wa- 
ter.—June 1943 


75 Years Aco 
No More DouBLe 
EXPOSURES 


bout 30 years after 

George Eastman in- 
troduced the Kodak 
Brownie camera, the first 
sign of future automation 
appeared as a film-ad- 
vance reminder. The sim- 
ple device could be 
retrofitted to any camera. 
“A flexible rod is ar- 
ranged so that after 


SAMPUNG A CENTURY OF POPULAR SCIENCE - 


pressing the shutter button to take one picture, thé. 
front end of the rod is pressed forward by a spring so 
as to bar the shutter button from returning to its origi- 
nal position. To remove the rod, you must advance the 
film, which naturally brings unexposed film before the 


lens."—June 1918 


25 YEARS 


SLOW-COMING 


AGO 


fter a decade of re- 
search, the French- 
British Concorde SST was 
rolled out in Filton, Eng- 
land. It would take almost 
another decade, not until 
January 1976, for the Con- 
corde to make its first com- 


| mercial flights for Air 
| France, between Paris and 


Rio de Janeiro, and British 
Airways, between London 
and Bahrain. Concerns 
about noise from the SST's 
sonic boom have limited its 
service to over-water desti- 
nations. Today, a round-trip 
ticket on the Concorde from 
New York to London costs 
$6,999.—June 1968 


75 Years AGO 
WATER Bike 


Ww two air tanks for buoyancy and a pro- 
peller and rudder system for propulsion 
and steering, this curious underwater bike 
could maneuver at speeds up to eight mph. 
“This aquatic bicycle may make the fish join the 

birds in wondering where man’s encroachments on other do- 
mains are to end.” In retrospect, the bicycle has clearly had more 
success on land than in the water—June 1918 


75 Years AGo 


A Tora ECLIPSE 
Or THE 


he editors described 

what readers could see 
on June 8, 1918: “Only dur- 
ing the fleeting minutes of 
a total eclipse may the 
sun’s weirdly beautiful 


| corona be seen. It is a 


pearly white glow, like a 
halo, which extends in an 


| irregular outline millions of 


miles into space." Don't 
hold your breath for the 
next one; the next total so- 
lar eclipse visible in the 
continental United States 
will be on Aug. 21, 2017. 
—June 1918 


lts not by chance that Toyota has long been one of Americas best-selling compact . 

trucks. It's because of the quality. The reliability. And it’s because of the way they 3 £4 

last. So it’s only natural for people who have owned Toyota Trucks, but who now = 

need a larger truck, to wish that Toyota made bigger trucks, too. And now we do. — — 

Just how big is the Toyota T 100? Well, to begin with, it’s bigger in virtually every Expanding on a good idea: size relation 
way than our compact trucks. Bigger, shown between Toyota T 100 2WD and 
even, than so-called “midsize” trucks, Compact 2WD 
The large, roomy cab, for example, allows for comfortable 3-across seating. 
The double-wall cargo bed will carry 4x8 panels between the wheelwells. 
And dont worry about the weight. Payloads range as high as as 2 2n bs. 

But it’s not just size that sets this truck : 
apart. The handling of the Toyota | 
T100 is amazingly crisp. The ride, € 
incredibly smooth. And the power that — 
surges from its responsive 30-liter EFI V6 makes towing up to 5,000 lbs!” sheer pleasure. 

So now that the Toyota T 100 is here, theres only one thing left to wish for. And that, of Toyota 7100 features roomy 3-across 
course, is one of your own. Call 1-800-GO TOYOTA for a Toyota T 100 brochure or the seating and a bed big enough for 
location of your nearest dealer. | — 4x8 panels. 


"I love what you do for me? 


A winning lineup: Toyota T 100 (available in 2WD 


and 4WD), Toyota Compact 4x4 and 4x2. 


INTRODUCING THE TOYOTA T100. E. Eme : 
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— ^. |NCREDIBLE. —  — 
Now You Can Ger 81/2 x11 
Worb PROCESSING 
Our OF A4 x7 Wizarp. 


| 

INTRODUCING THE TOUCH-SCREEN Wizard 9600, 

| With Buitr-IN WORD PROCESSING. 

| With just one touch, the extraordinary Wizard” 02-9600 electronic 
organizer trom Sharp can change the way you manage your life. It replaces your 
notebook computer, diary, address book, clock, notepad and other clutter. 
And gives you the power to write and print letters, connect to E-mail, send faxes, 
draw sketches, do spreadsheets, exchange information and much, much more. 
TRUE WORD PROCESSING. Type comfortably on a large keyboard. Select page 
layouts, multiple fonts, bold-face, underline and italicize. Then print directly to 
any standard PC printer with a wireless interface. 
REVOLUTIONARY TOUCH-SCREEN. Simply point, draw or move data 
around with just a touch of a pen or finger on the 96005 large LCD 
touch-screen. H 


| Jones, Bill 
(201-555-1212 
| 281-555-1234 
[281-555-8034 —— 
‘123 Main Stray (| 
jRaesey, WI 8 
[Touch to vii 


AMAZING FILER. Just like a file folder. Collect information into a ao | 
folder with a keyword and label it for easy retrieval or transfer rint pac rros Logon into wy t — af 

: i y i 0 SIET. : > touch screen electronic organizer tree S| Le 

| 4 E 


UNIQUE SCRAPBOOK. Conveniently jot down numbers, sketch, write 
or doodle directly onto the screen and then store for later use. 
INGENIOUS INFRARED. Lets you instantly send and receive information 
from other 9600s, Macs? PCs or standard PC printers — without wires. 
IMPRESSIVE EXPANDABILITY. Over 30 optional software cards 
including business, telecommunications, reference, entertainment 
applications. You can add memory, safely back-up data, even do a 
Lotus 123” file compatible spreadsheet. 
But we've only touched on the power, portability and simplicity 
of this remarkable organizer. 
For full details, call for your free brochure now: 
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SHARP 
m d FROM SHARP MINDS | 
COME SHARP PRODUCTS" : 


LCD mo. ' 
BANKIMPRISTEM S CATCUDITORS BASH RE EE eS + FACSIMILE « LASER PRINTERS © TYPEWRITERS « WIZARD * ORGANIZERS 
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©) 1993 Sharp Electronics Corporation Mac? is ayegistered trademark of Apple Computer, Inc. E MNegstered trademark of Lotus Development Corporation. All screens are simulated 
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